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PREFACE 
 
This dissertation is presented in the form of a common Introduction (Chapter 1) and 
Literature Review (Chapter 2) which introduce the reader to effective microorganisms 
(EM) in relation to the concept of sustainable agriculture and, for some, organic farming. 
This is followed by Chapter 3 which deals with two field trials where EM applications, 
with and without organic and inorganic amendments, were tested on tomatoes and 
butternuts. The two trials are followed by a similar greenhouse trial. Chapter 4 deals with 
a greenhouse trial with Swiss chard, also with similar treatments but with two harvests in 
order to monitor nutritional changes.  In all the trials, treatment evaluations were done in 
terms of yield, quality, insect and disease control, and selected soil properties. The 
General Discussion and Conclusions follows (Chapter 5). Finally, the Appendices contain 
the statistical analyses of the experimental data. The purpose of presenting the 
dissertation in this form is to gain experience of presenting experimental data in the form 
of scientific papers. 
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ABSTRACT 
 
Effective microorganisms (EM), a commercial concoction of microbes that includes 
yeasts, fungi, bacteria and actinomycetes, have been found to be effective in enhancing 
crop growth by a number of scholars. It is registered in South Africa, but it had not been 
thoroughly investigated. The present study investigated the effects of EM on growth, 
yield and quality of tomato (Lycopersicon esculentum Mill), butternut (Curcurbita 
moschata) and Swiss chard (Beta vulgaris), along with selected soil properties.  
 
In field-grown tomato it was observed that the application of EM caused a significant 
increase in the number of fruits at seven weeks after transplanting. However, plants 
treated with EM alone, or EM in combination with other amendments, subsequently 
produced lower yields owing to an outbreak of early and late blights which affected them 
the most severely. Combined applications of EM with organic amendments improved 
plant N content and increased soil N content above initial levels. The application of 
compost resulted in soil N and P concentrations higher than those of the control 
presumably due to nutrients being slowly released from the compost material.  
 
In a follow up greenhouse trial EM application had a negative effect on tomato leaf dry 
matter yield, number of leaves, number of trusses, fruit yield and number of fruits. The 
negative effects of EM were ascribed to N immobilization by the EM that could have 
resulted in reduced N availability to plants. The lower number of fruits  associated with 
EM application resulted in improved average fruit weight of tomatoes grown in the 
greenhouse, possibly as a result of more assimilates being partitioned to the few fruits 
 v
formed. EM application also had a negative effect on field grown butternut as reflected 
by lower total yield, lower marketable yield and lower first grade yield. The results were 
attributed to immobilization of N induced by application of EM, and to the inability of 
EM to control pumpkin fly that attacked very young fruit, resulting in their failure to 
develop or resulting in the down grading of mature fruits.  
 
The application of EM alone had a positive but non significant effect on the yields of 
both the first and second harvests of Swiss chard.  However, when applied with compost 
or goat manure, a non significant negative effect on yield was observed. When applied 
with inorganic fertilizer, EM had no effect on yield but tended to increase the uptake of 
nitrogen by Swiss chard. Though goat manure had a narrower C: N ratio than compost, it 
did not result in greater EM effectiveness as had been hoped. However, goat manure had 
a more positive effect on soil properties than compost. It increased the N, P, and K 
contents of the soil and resulted in a narrower C: N ratio of the soil compared to compost.  
Generally, the results of the four trials conducted with three different crops indicated that 
EM had inconsistent effects on crop performance.  
 
Key words:   Butternut, tomato, Swiss chard, compost, effective microorganisms (EM), 
goat manure, mineral fertilizer, yield 
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CHAPTER 1 
 
GENERAL INTRODUCTION 
 
The intensification of agricultural production is mostly done with the use of mineral 
fertilizers, planting of high-yielding cultivars and the use of agro-chemicals for crop 
protection.  The FAO, for example, estimated in 1989 that about 50% of the increase in 
agricultural production in the world was due to use of chemical fertilizers (FAO, 1989). 
This approach is, however, increasingly proving to be unsustainable as it causes soil 
degradation and the cost of required inputs is often beyond the financial ability of 
smallholder peasants who constitute more than 80% of the food producers in the 
developing nations (Tittonell, Vanlauwe,  Leffelaar, Shepherd & Giller,  2005).   
 
There have been numerous attempts to develop alternative systems more suited to the 
needs of the tropical and subtropical smallholders. One such alternative system promotes 
the use of “effective microorganisms” (EM) to enhance crop growth. EM is a mixture of 
specially selected and cultured naturally occurring, beneficial microorganisms that have 
been studied and known to significantly improve soil quality and plant growth (Li & Ni, 
1995). It contains selected species of microorganisms, including predominant populations 
of lactic acid bacteria and yeasts and smaller numbers of photosynthetic bacteria, 
actinomycetes and other types of organisms. All of these are claimed to be mutually 
compatible with one another and are able to coexist in liquid culture. 
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The concept of effective microorganisms (EM) was developed in 1971 by Professor 
Teruo Higa, University of the Ryukyus, Okinawa, Japan (Higa & Wididana, 1991). 
Research has shown that inoculation of the soil/plant ecosystem with EM cultures can 
improve soil quality, soil health, the growth, yield, and quality of crops (Higa & Parr, 
1994). Daly & Steward (1999) also showed that application of EM to peas, sweet potato 
and onions increased yield by 31%, 23% and 29%, respectively. 
 
Different brands of EM are currently being produced in about 40 countries across the 
globe using local microbial isolates. In South Africa EM products are produced and 
marketed by EMROSA (Pty) Ltd. 
 
The use of EM is not yet widespread in South Africa, although there are some reports, 
mainly by EMROSA in their newsletters and on their website (www.emrosa.org.za) that 
some commercial farmers are already using the materials and they seem to find 
satisfaction with its effects. At the time the trials reported here were started these 
products were not officially registered for use on crops but it seems that as of 2006, exact 
date unknown, the products are registered and can be sold in shops (Anon., 2006).  They 
apparently also conform with EUREP GAP organic requirements and “you can export 
your products anywhere in the world” (Anon., 2006). There has been only one scientific 
report of their use in the Eastern Cape and relatively few scientific reports worldwide 
(Mupondi, Mnkeni & Brutsch, 2006a, b). 
 
As a result of a lack of rigorous research on the usefulness of EM in crop production, a 
need was felt to conduct an extensive evaluation of these products using commonly 
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grown vegetables in the Eastern Cape Province, South Africa. The main objective of the 
study was therefore to evaluate the usefulness of EM products using tomato 
(Lycopersicon esculentum Mill), butternut (Curcurbita spp) and Swiss chard (Beta 
vulgaris) which are commonly grown in the Eastern Cape Province, South Africa in field 
and greenhouse studies. The specific hypotheses are included under the different studies. 
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CHAPTER 2 
 
GENERAL LITERATURE REVIEW 
 
 
2.1 Intensification in agriculture and sustainability 
 
 
As a result of an increase in the global population, food shortages are expected to 
increase especially in developing countries due to a decline in arable land per capita 
(World Bank, 2000). However, production of food for human consumption, animal feed 
and industrial purposes has increased in the developed countries mainly because of an 
increase in crop yield and cropping intensity rather than because of expansion of arable 
land (Islam, 1995).  
2.1.1 General overview of agricultural intensification 
 
 
In order to cater for the rapidly growing world population, production of food and fibre 
has to be increased without increasing the land for production (Pretty, Thompson & 
Hinchchliffe, 1996).  Despite the phenomenal growth in food production since the mid-
1960s, some 800 million people still suffer from chronic hunger. This kind of a situation 
arises because of the uneven spread of natural and economic wealth between the 
developed and developing worlds, and also because modern production systems, the 
world over, have grossly overlooked the issues of environmental sustainability and social 
equity (Datta, 2002). One pressing issue worldwide is that the growth in food production 
is non-sustainable on various grounds, be it financial, economic, social, or environmental 
(Shah, 2006).  
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2.1.2 Agricultural production in Africa 
 
 
In Africa, agricultural production is still a major challenge with low yields being realized 
due to shortages of water, low levels of nutrients, and pest and disease infestations 
(Evans, 1998). Intensification in agriculture has seen a rise in the use of mineral 
fertilizers, use of high yielding cultivars and genetically modified crops and intensive use 
of agro-chemicals (Waddington & Hersey, 1997). However, available evidence has 
shown that intensification in agriculture is leading to a decline in soil fertility (Smaling, 
Nandwa & Janssen, 1997; Khor, 2004) especially in Africa. Nutrient depletion through 
soil erosion, leaching, low organic manure inputs and crop residue removal, coupled with 
improper application of mineral fertilizers, are the main causes of poor soil fertility in 
Africa (Carney, 1998).  
 
2.1.3 Constraints of intensifying agriculture in Africa 
 
 
Although the use of mineral fertilizers has been adopted by the whole world, their use 
in Africa is limited by their high cost (Gardner, 1997) which is beyond the reach of 
communal farmers who constitute 80% of the food producers in Africa (Tittonnel et al., 
2005). A survey conducted in sub-Saharan Africa demonstrated that a shortage of 
finance was the main reason why alternative soil management techniques were not 
adopted by 64-70 % of the respondents (Harris et al., 1998).  
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2.1.4 Sustainable agricultural production 
 
 
Sustainability is the most important aspect in all the proposed systems for alternative 
soil management. According to Hansen & Jones (1996), sustainable agriculture is “the 
ability of farming systems to continue into the future”. This implies that sustainable 
agriculture means a “maintenance of the adaptive capacity of farming systems” (Park & 
Seaton, 1996), enabling the future generations to meet their food demands. Sustainable 
agriculture has multiple-dimensional characteristics that include economic, 
environmental and social aspects (Legg, 1999; Pretty & Hine, 2001). In sustainable 
agriculture, organic farming is being promoted due to the positive environmental, social 
and economic impacts (Legg & Viatte, 2001). 
 
Organic farming is expanding rapidly worldwide. Agricultural production in organic 
systems depends mostly on the functions performed by soil microbial pools, 
particularly in nutrient supply (Smith et al., 1993). Organic farming has been spreading 
at an annual rate of ca. 20% in the last decade (Lotter, 2003), covering over 24 million 
hectares worldwide (Willer & Yussefi, 2004), and has become a mainstream practice 
for some crops (Anon., 2004a). 
Organic farming promotes soil structure formation (Reganold, Elliot & Unger, 1987; 
Pulleman et al., 2003), enhances soil biodiversity (Doles, Zimmerman & Moore, 2001; 
Mäder et al., 2002; Oehl et al., 2004), alleviating environmental stresses (Horrigan, 
Lawrence & Walker, 2002; MacIlwain, 2004) and improving food quality and safety 
(Reganold et al., 2001; Giles, 2004). Organic farming advocates the use of organic and 
biological inputs for controlling diseases and pests and for nutrient supply (Rigby & 
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Cáceres, 2001; Watson et al., 2002). Sustainability in organic farming depends largely on 
the build up of soil microbial pools that function as a transient nutrient sink and are 
responsible for releasing nutrients from organic matter for plant use (Smith & Paul, 1990; 
Dalal, 1998; Friedel, Gabel & Stahr, 2001). It has been shown that microbial biomass N 
contributes to the primary N source of potentially mineralizable N in soil (Myrold, 1987; 
Bonde, Schnürer & Rosswall, 1988). The use of EM is now promoted as a way of 
maximizing the returns of soil microbial pools. 
 
2.2 Effective microorganisms (EM) 
 
 
 
EM is an abbreviation for effective microorganisms and refers to a cocktail of 
beneficial microorganisms that is used as a soil amendment (Woodward, 2003). EM 
contains selected species of microorganisms, including predominant populations of 
lactic acid bacteria and yeasts and smaller numbers of photosynthetic bacteria, 
actinomycetes and other types of organisms. All of these are claimed to be mutually 
compatible with one another and are able to coexist in liquid culture. Some 
microorganisms contained within EM are discussed in detail below. 
 
2.2.1 Lactic acid bacteria 
 
 
Lactic acid bacteria produce lactic acid from sugars and other carbohydrates, developed 
by photosynthetic bacteria and yeast. Some foods and drinks such as yoghurt and 
pickles have been made with lactic acid bacteria for decades. However, lactic acid is a 
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strong sterilizing compound, and suppresses harmful microorganisms and enhances 
decomposition of organic matter. Lactic acid bacteria promote the decomposition of 
materials such as lignin and cellulose and ferment these materials, thereby removing 
undesirable effects of un-decomposed organic matter (Prescott, Harley & Klein, 1996). 
 
 2.2.2 Yeasts 
 
Yeasts synthesize antimicrobial and other useful substances required for plant growth 
from amino acids and sugars secreted by photosynthetic bacteria, organic matter and 
plant roots. The bioactive substances such as hormones and enzymes produced by 
yeasts promote active cell and root division. These secretions are also useful substrates 
for effective microbes such as lactic acid bacteria and actinomycetes (Prescot et al., 
2002).    
2.2.3 Photosynthetic bacteria 
 
The photosynthetic or phototropic bacteria are a group of independent, self-supporting 
microbes. These bacteria synthesize useful substances from secretions of roots, organic 
matter and/or harmful gases (eg. hydrogen sulfide), by using sunlight and the heat of soil 
as sources of energy. Useful substances developed by these microbes include amino 
acids, nucleic acids, bioactive substances and sugars, all of which promote plant growth 
and development. The metabolites developed by these microorganisms are absorbed 
directly into plants and act as substrates for increasing beneficial populations (Prescot et 
al., 2002). 
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 2.2.4 Actinomycetes 
 
Actinomycetes are part of the microorganisms which make up EM and they disturb the 
life cycle of insects thereby reducing the reproduction rate. Actinomycetes feed on the 
chitin produced by the larvae to become pupae, henceforth the metamorphosis is 
hindered. Actinomycetes are aerobic and can be cultivated easily on simple growing 
media and are gram positive (Prescot et al., 2002). 
 
2.2.3 Brands of EM 
 
 
The use of EM as a broad-based organic material for crop production is an innovative 
model for use in organic agriculture, which is growing in popularity worldwide. The use 
of various brands of EM has been found to improve the growth and quality of crops 
(Dally and Stewart, 1999) and the different brands of EM are discussed in detail in the 
succeeding sections. 
 
2.2.3.1 Multiplied (M-) EM 
 
 
Stock EM is multiplied to reduce cost. Multiplied - EM is a mixture of stock EM with 
molasses and water in a ratio of 1: 5: 94. After mixing the ingredients, the resultant 
solution is stored in an airtight container for between 10 to 14 days at temperatures 
between 200C to 250C until the pH is 3.7. During this time, it is speculated that the 
microbes enter a growth phase and multiply to reach a microbial population and 
composition similar to that of the stock EM.  To maintain the quality of multiplied-EM, 
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it should be stored at temperatures ranging between 100C and 200C (Anon., 2004b; 
2005). 
 2.2.3.2 EM - fermented plant extract (EM - F.P.E) 
 
 
Table 2.1 shows ingredients used for producing EM - fermented plant extract. 
 
Table 2.1: Ingredients required for fermented plant extract 
 
Ingredient Quantity 
Chopped fresh weeds 20 litres (not pressed down) 
Chlorine free water 16 litres 
Molasses (3%) 480 ml 
Multiplied - EM (3%) 480 ml 
Adapted from Anon. (2005). 
 
Plants or weeds with repelling properties such as khakibos, syringa, clover, herbs and 
grass are used in the production of EM - fermented plant extract. During brewing, 
plants are chopped in their fresh state to lengths ranging from 2 to 5 cm which are then 
put into a sealable bucket. The multiplied - EM is then mixed with water and the 
resultant solution poured into the bucket containing the chopped plant material and the 
bucket is closed. After a period of 2 to 5 days, the fermentation of the plant 
constituent’s starts and a lot of CO2 is generated and released through an air trap. The 
process continues until the pH drops below 3.7. At this point, the solution is filtered to 
remove the plant materials (Anon., 2004; 2005; Asia-Pacific Natural Agriculture 
Network, 1995). EM - F.P.E. acts as a repellent and disease suppressor and it also 
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contains amino acids, enzymes, hormones and vitamins. During the course of the 
growing season, EM - F.P.E. is either applied to the soil through irrigation or sprayed 
on the crop with a sticker (Anon., 2004b; 2005; Asia-Pacific Natural Agriculture 
Network, 1995). 
2.2.3.3 EM 3-in-1 
 
EM 3- in-1 is one of the strongest EM based insect repellents. It is produced in a similar 
way as EM - F.P.E. except for the ingredients used. In this case, fresh garlic, chili 
pepper, ginger (400 g of each, chopped), and black pepper (200 g powdered, 600 ml of 
Multiplied - EM and 18 litres of water are used (Anon., 2004b; 2005). 
 
2.2.3.4 EM – 5 
 
EM - 5 is a mixture of EM1 (multiplied EM), molasses, vinegar, strong distillation 
alcohol (more than 30%) and water. After mixing the ingredients, the resultant mixture is 
fermented in a sealed container for more than 30 days until it produces no more 
fermentation gas (CO2). Natural herbs such as garlic and red pepper are usually added 
during the fermentation process. The resultant solution is applied to plants to prevent 
invasions of destructive insects as well as strengthening the natural immune system 
against diseases (Anon., 2004b; 2005). 
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2.2.3.5 EM - bokash 
 
EM - bokash is a mixture of multiplied - EM with fresh and quality organic materials like 
rice bran, wheat bran or fish meal. After the ingredients have been mixed, the resultant 
solution is kept for up to two weeks to ferment in sealed containers. The final product is 
used for: 
• Accelerating the fermentation and anaerobic decomposition of organic waste materials 
when making compost. 
• Adding to animal feed for improvements in general health and natural immunity 
(Anon., 2004b; 2005; Asia-Pacific Natural Agriculture Network, 1995). 
2.2.3.6 EM - fermented fish (EM - F.F.) 
 
EM - F.F. releases nutrients like nitrogen and phosphorus slowly over a period of time, 
allowing plant growth from one season to the other. During preparation, the fish is 
crushed, making nutrients to be accessible to microorganisms. The product is then mixed 
with multiplied EM before spraying on plants (Anon., 2004b; 2005; Asia-Pacific Natural 
Agriculture Network, 1995). 
2.2.3.7 EM - fermented chicken manure 
 
EM - fermented chicken manure is similar to EM - fermented fish as it also provides 
nitrogen and phosphorus to the plants. Chicken manure, extended EM and an equivalent 
of 1% of bokash are the ingredients used (Anon., 2004a; 2005). 
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2.2.3.8 EM - fermented kitchen garbage 
 
EM - fermented kitchen garbage is produced by fermenting organic waste generated in 
the kitchens using multiplied - EM to produce a nutrient-rich fertilizer for plants. The 
method for its production is similar to that of EM - F.P.E (Anon., 2004b; 2005). 
2.2.3.9 EM - X 
 
This is a special version of the EM liquid which has been certified for human 
consumption. The beverage effective microorganisms - X (EM - X) is an antioxidant 
cocktail derived from fermentation of unpolished rice, papaya and sea weeds with 
grouped effective microorganisms of lactic acid bacteria, yeast and photosynthetic 
bacteria. It contains mixed-extracts of plants and effective microorganisms. EM - X 
contains over 40 minerals and antioxidants (such as flavonoids, kaempferol, panaxin, 
quercetin, lycopene, oryzanolum, ascorbic acid, tocopherol, ubiquinone) and other 
bioactive substances such as nucleotides, peptides and amino acids (such as nicotinamide 
mononucleotide, nicotinamide adenine dinucleotide, l-alanine and l-glutamine) (Sato et 
al., 1997). If EM - X is taken as a daily dose over a period of time, it reduces free radicals 
in the body, greatly improving the immune system and serving to reduce the possibility 
of cancer cells being produced (Anon., 2004b; 2005). 
2.2.4 Application of EM 
 
 
According to Sangakkara (2004), EM is effective for crop production and is 
environmentally safe with different brands of EM being produced in about 40 countries 
across the globe using local microbial isolates.  They find uses in different fields, 
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ranging from crop agriculture, environmental management, animal production, and 
aquaculture. The different brands of EM are applied to the above mentioned 
environments in different ways and these are discussed fully in the succeeding sections. 
 
2.2.4.1 Inoculation of EM into the soil 
 
Brands of EM can either be applied as a soil drench or be spread to plants during crop 
production. When inoculating into the soil, a 1: 500 dilution of multiplied - EM in water 
or EM - FKG (kitchen garbage) is used. When using EM - F.F (fermented fish) or EM - 
F.C.M (fermented chicken manure), a 1:  300 dilution is advisable. An equivalent of 2.5 
tonnes of bokash or less is applied to soil per hectare. Dosages above 2.5 t ha-1 are 
detrimental to the plants due to organic acids which can damage their roots. EM - bokash 
is usually applied between 10 to 14 days prior to planting and is placed at a distance of 10 
cm to 15 cm away from roots (Anon., 2004b; 2005; Asia-Pacific Natural Agriculture 
Network, 1995). 
2.2.4.2 Spraying EM on leaves 
 
The spraying of EM on leaves of plants serves as a prophylactic spray mainly for disease 
and insect control. The spraying is often started earlier in the growing season and is 
conducted till the plants are harvested. A dilution of 1: 1000 of multiplied - EM, EM -
F.P.E. or EM - 5, or a mixture of different EM derivatives, is advisable although a 
stronger dilution can also be used (Anon., 2004b; 2005; Asia-Pacific Natural Agriculture 
Network, 1995). 
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2.2.4.3 Soaking seeds in EM   
 
Before planting, seeds are soaked in 0.1 % EM water with small seeds being soaked for 
about 30 minutes and big seeds for four to six hours. After soaking, the seeds are dried 
under shade to reduce the chances of them sticking together (Anon., 2004b; 2005; Asia-
Pacific Natural Agriculture Network, 1995) and planted in the field. 
2.2.4.4 EM irrigation (fertigation) 
 
Multiplied - EM or EM derivatives are frequently applied to soil through irrigation water. 
A ratio of 1: 1000-5000 of multiplied - EM or EM - F.P.E to water is used (Anon., 2004b; 
2005; Asia-Pacific Natural Agriculture Network, 1995). 
2.2.4.5 Insect control 
 
 
EM also functions as a biological control measure in suppressing and controlling pests 
through the introduction of beneficial microorganisms to the plant environment. The 
odour emitted by EM repels harmful insects and serves as a prophylactic spray. EM-
F.P.E and EM - 5 are insect repellant and they are not toxic to ladybirds, spiders, 
dragonflies, frogs etc. EM attracts fruit flies and affects mostly the females which later 
become sterile (Anon., 2004a; 2005). Pests and pathogens are suppressed or controlled 
through natural processes by increasing the competitive and antagonistic activities of the 
microorganisms in EM inoculants (Anon., 2004b; 2005; Asia-Pacific Natural Agriculture 
Network, 1995). 
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2.2.5 Benefits of applying EM 
 
 
The following are some of the beneficial influences of EM in agricultural production: 
- Improvement of the physical, chemical and biological environments of the soil 
(increases the efficacy of organic matter as fertilizers) and suppression of soil-borne 
pathogens and pests, 
- improvement of germination of seeds, flowering, fruiting and ripening in plants. 
- enhancement of the photosynthetic capacity of crops and, 
-  increased crop yield. 
As a result of the above-mentioned beneficial effects of EM, yields and quality of crops 
are enhanced (Asia-Pacific Natural Agriculture Network, 1995). 
 
2.2.5.1 Effects of EM on organic matter  
 
 
Organic manures are a source of multiple nutrients and can improve soil physical, 
chemical and biological characteristics. However, the effects of organic manures on crop 
yield are long term and not immediate, therefore farmers prefer using mineral fertilizers 
in their cropping systems. Addition of EM together with organic manures is thought to be 
an effective technique for stimulating supply and release of plant nutrients. Studies have 
shown that inoculating agro-ecosystems with EM can improve soil and crop quality (Higa 
and Parr, 1994; Hussain et al., 1999). Following EM application into the soil, there is an 
increase in soil microorganisms that are beneficial for the growth of the plant that result 
in rapid mineralization of organic materials (Asia-Pacific Natural Agriculture Network, 
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1995). According to Khaliq, Kaleem & Hussain (2006), application of organic materials 
or EM alone did not significantly increase yield. However, their integrated use resulted in 
a 44% increase in yield over the control. Application of EM with mineral fertilizer in this 
case resulted in a slight increase in yield (14%) over the mineral fertilizer alone, 
demonstrating that EM is more effective when applied with organic manures. The 
relatively low response of mineral fertilizer compared to EM application was due to the 
fact that EM is made up of different microorganisms which can respond well only in the 
presence of sufficient organic matter. Aryal, Xu & Fujita (2003) showed that Rhizobia 
and arbuscular mycorrhizal (AM) inoculation of bean plants significantly increased pod 
yield in plots with organic matter supplements compared to chemically treated plots. 
 
The relative effects of EM were further observed in plant leaf N concentration where its 
co-application with organic materials increased leaf N concentration by 38% relative to 
the control compared to 16% increase due to organic materials application alone (Khaliq, 
et al., 2006). EM enhances the degradation and stimulates mineralization of organic 
materials, releasing plant nutrients into the soil (Hussain et al., 1999). Application of EM 
into soil resulted in higher available phosphorus concentration 50 days after transplanting 
of tomato (Xu, 2000). However, 90 days after transplanting of tomato, both nitrogen and 
phosphorus concentration were low in EM treated soils and this was ascribed to more 
nutrients being taken up by plants that showed faster growth and subsequently higher 
yields. Piyadasa et al. (1995) studied the release of nitrogen and phosphorus from soils 
amended with organic matter over a 21 day incubation period at 600C. Application of EM 
increased both inorganic nitrogen and phosphorus compared to the control.    
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2.2.5.2 Effects of EM on photosynthetic capacity of crops 
 
 
Extensive studies have been conducted on the effects of EM especially when applied with 
bokash on plant growth, photosynthesis and yield as compared with mineral fertilizers 
(Fujita et al., 1997; Arshad, 2006). Fujita et al. (1997), found that plants treated with 
mineral fertilizer had higher dry matter yields during the early stages of growth but lower 
dry matter yields at the later stages compared to EM treated plants. Plants treated with 
EM and bokash maintained vigorous growth with greater root mass and activity and a 
higher rate of photosynthesis until harvest time compared to plants treated with mineral 
fertilizer. According to Yamanda et al. (1996), well developed roots in EM - bokash 
treated plants play an important role in maintaining a higher rate of growth and 
photosynthetic activity. Higher growth rates are due to sustained availability of nutrients 
from bokash through mineralization by EM microorganisms (Kato et al., 1997). There is 
a possibility that EM contains growth regulators that could stimulate root activity and 
delay senescence of plants (Yamada et al., 1996). Plant hormones like auxins, 
gibberellins and abscisic acid play important roles in root growth and development 
(Schneider & Wightman, 1974). In addition, bacteria, fungi and actinomycetes produce 
some bioactive substances that can enhance plant growth and metabolism (Arshad & 
Frankenberger, 1992). However, it is not yet clear how EM stimulates growth or plant 
metabolic processes. Some researchers have been speculating that the beneficial effects 
of EM may be due to their ability to biosynthesize antioxidants (Yamada and Xu, 2000) 
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2.2.5.3 Effects of EM on crop yield 
 
Application of EM to soil also increases crop yield and quality due to an increase in plant 
nutrients and suppression of soil-borne pathogens (Asia-Pacific Natural Agriculture 
Network, 1995). In a study carried out by Daly & Stewart (1999), application of EM plus 
molasses caused a significant yield increase over the control and resulted in more first 
grade onions, peas and sweet corn.  
 
2.3 Organic manures 
 
 
Use of organic manures at agronomic rates for plant nutrient supply and for beneficial 
effects on physical properties is a traditional agricultural practice (Haynes and Naidu, 
1998). Over the last decade the effects of organic manures on soil properties have 
received renewed attention due to an increased interest disposal of large amounts of 
waste being generated.  
 
2.3.1 Effects of organic manures on physical and chemical properties of soil 
 
 
Organic manure affects soil bulk density, soil stability and aggregation, pH, buffer 
capacity, cation exchange capacity, soil encrustation, water infiltration, soil penetrability, 
moisture content, drainage, tilth, aeration, temperature and nutrient supply and 
availability for plant growth (Woomer, 1993).  
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2.3.1.1 Soil bulk density 
 
 
Addition of organic manures to soil increases both soil organic matter content and soil 
microbial pool activities which in turn improve the physical properties of soil (Sanchez et 
al., 1989). A direct relationship between bulk density changes and water holding capacity 
as a function of net increases in soil organic C exist in the soil (Khaleel et al., 1981). 
Addition of organic manures to soil decreases bulk density of the soil as a result of 
dilution of the denser mineral fraction of the soil. Organic manures are less dense and 
have increased pore sizes and numbers (Duggan & Wiles, 1976).  
 
Addition of organic manures to soil induces formation of stable aggregates with the 
humic fractions reducing the plasticity, cohesion, and stickiness of clayey soils (Brady & 
Weil, 1999). Addition of organic manures to soils is followed by a lag phase after which 
the microbial biomass pool increases. An increase in the microbial biomass pool is 
accompanied by physical entanglement of fungal hyphae and the production of extra -
cellular polysaccharides which link soil aggregates together and hence cause a rise in 
aggregate stability (Haynes & Naidu, 1998). Composted organic manures induce a slow 
and more steady increase in aggregate stability (Monnier, 1965) compared to fresh 
organic manures. 
 
2.3.1.2 Soil pH and cation exchange capacity 
 
Humus colloids hold cations like calcium, potassium, magnesium in exchangeable forms 
in such a way that they become available for plant use and are not leached by water. 
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“Through its cation exchange capacity and acid and base functional groups, organic 
matter also provides much of the pH buffering capacity in soils” (Brady & Weil, 1999). 
Duggan & Wiles (1976) showed that where composted organic materials were 
incorporated to an acid soil there was an increase in soil pH with organic manure 
application. However, the same results were not obtained with neutral or basic soils 
(Gallardo-Lara & Nogales, 1987).  Soils treated with organic manures also have a high 
CEC as shown by Follet, Murphy & Dohahue (1981). With a sandy soil, the CEC 
increased by a factor of 5 to 10 times as compared to a clay soil. 
 
2.3.1.3 Soil water content and soil water holding capacity 
 
 
Addition of organic manures to soil decreases surface crusting (Epstein, Taylor & 
Chaney, 1992), reduces displacement of soil particles by water raindrops (Mazurak, 
Chesnin & Tiarks, 1975), increases infiltration capacity and hydraulic activities (Cross 
and Fischbach, 1972) and therefore decreases the amount of runoff water (Hensler et al., 
1970), and reduces water lost through evaporation, ameliorates drainage and improves 
root penetration (Allison, 1973). Water holding capacity of soils is increased by additions 
of organic manures to soils and is controlled by the number, size and distribution of 
pores. An increase in water holding capacity at low tensions is due primarily to increased 
number of small pores. At higher tensions, almost all the pores are air filled and soil 
moisture content is determined by the surface area and thickness of water films on these 
surfaces (Khaleel et al., 1981). Addition of organic manures to soil also increases the 
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specific surface area of soil and results in an increase in water holding capacity under 
higher tensions (Gupta, Dowdy & Larson, 1977). 
 
2.3.1.4 Soil nutrients 
  
 
Nitrogen, phosphorus, sulfur and micronutrients are constituents of organic manures from 
which they are slowly released through mineralization. Quality of organic manures plays 
a crucial role in their mineralization. Therefore N release from organic materials is 
moderated by N mineralization and immobilization, which in turn is controlled by C: N, 
lignin: N, polyphenol: N and (lignin + polyphenol): N ratios, lignin and polyphenols and 
percent of N of the organic manure used (Mafongoya, Dzowela & Nair, 1997). The 
chemical composition of organic manures, especially C: N ratio, determines whether 
mineralization or immobilization processes will dominate in the early stages of 
decomposition. Release of inorganic N from organic manures to soil depends on the rate 
of decomposition of the material used and subsequent turnover of decomposed C and N 
in soil (Hadas & Portnoy, 1997). Mugwira (1984) demonstrated that the effectiveness of 
manure as a nutrient source depends on the time of its presence in the soil and the rate 
and type of manure used.  
 
Addition of low quality organic inputs into soil over a long period can increase soil 
organic C build up, without necessarily increasing productivity. A cropping system study 
in India, for example, showed that wheat straw combined with urea substantially reduced 
yields, whereas a N equivalent amount of Sesbania green manure combined with urea 
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enhanced yields compared with a N equivalent amount of urea applied alone (Goyal et 
al., 1992). According to Kamukondiwa & Bergstorm (1994), organic manures of low 
quality have low soluble C and N that are needed to enhance microbial pool activities in 
the soil and subsequently lead to a decrease in crop yield. Many crop residues and animal 
manures have a nitrogen content that ranges between 1.8 to 2.0% and can immobilize N 
temporally and are said to be of low quality. 
 
Both composted and fresh organic manures have been used as a source of nutrients for 
production of several crops, with many degrees of success or failures. The outcome of 
applying organic manures to soil is a function of manure quality and soil properties. In 
South Africa, manure application rates of 5.5-11 t ha-1 for field crops, and double that for 
crops with higher nutrient requirements, have been suggested (Malherbe, 1964). 
However, it is difficult to recommend the exact amount of organic manures needed for 
successful crop production as this varies with type of organic manure, soil type, crop 
requirements and prevailing environmental conditions. In the Eastern Cape Province of 
South Africa, small holder farmers have been reported to use manure at rates that range 
between 0.3 and 182 t ha-1 (Yoganathan et al., 1998). However, application rates range 
between 25 to 100 t ha-1 of manure (Mkile, 2001). High doses of manure might be toxic 
to plants, animals and human beings (Meek, 1974; Donahue, 1977) and thus due caution 
must be exercised to keep its detrimental effects in check. According to Tester (1990), 
addition of 100 t ha-1 compost per annum is enough to cause physical changes in the soil 
and increase yield. 
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A plethora of evidence suggests that a combination of organic manures with inorganic 
sources of minerals yield higher beneficial effects on production and development 
compared to their sole application. This may be due to the fact that organic manures do 
not contain all the required plant nutrients in adequate amounts. Inorganic fertilizers are 
leached easily and combining them with organic manures will combine their soluble 
minerals with the organic fraction. The nutrients will then be released slowly over time, 
in the form of sub-products of microbial pools and under action of organic acids (Allison, 
1973). 
2.3.2 Types of organic manures  
 
 
Organic manures can be applied to soils as compost or in their fresh state. According to 
Cambardella et al. (2003), fresh organic materials contain higher inorganic N 
concentrations and have higher net N mineralization rates than composted manure. In a 
study by Paul and Beauchamp (1994), plants treated with fresh organic manures 
exhibited higher dry matter in the first growing season than composted manure. 
 
2.3.2.1 Compost 
 
Composting is a process whereby organic materials are broken down, decomposed and 
stabilized by indigenous microorganisms under a moist, warm, aerobic environment, 
leading to the production of carbon dioxide, water, minerals and a stabilized organic 
matter while pathogenic microbes are destroyed by enzymatic combustion and the 
generated heat (Ouatmane et al., 2000). 
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Composting is a process that offers an opportunity to recycle organic waste as a soil 
amendment. The benefits of composted organic waste to soil structure as well as in 
fertility and plant growth have been increasingly emphasized (Esse, Buerkert, Hiernaux & 
Assa, 2001). Application of undecomposed waste or non-stabilized compost to soil can 
lead to phytotoxicity and nutrient immobilization (Cambardella et al., 2003). 
 
2.3.2.2 Animal manures 
 
 
In Africa, animal manure is applied to soil for fertility related issues and its benefits are 
well documented. Nutrient content in animal manure differs because of the variations in 
diet of the animals, collection and storage.  
 
Manure and other waste products of livestock have been used as soil amendments for 
decades and were the only ways of enhancing soil productivity before mineral fertilizers 
were invented (Lupwayi et al., 2000). In Zimbabwe, application of animal manure is a 
common practice and the quality of manure as a plant nutrient source has been found to 
vary widely in chemical composition (Tanner & Mugwira, 1984).                                                                                                           
Goat, sheep, cattle and chicken manure are the common manures used in the southern 
African regions with cattle contributing two thirds of the total amount of manure found 
and the remainder is contributed by sheep and goats. 
 
Nutrient composition of animal manures varies greatly between species (Serna & 
Pomares, 1991), animal nutrition, mineral particle content and storage conditions. 
However, in the Eastern Cape Province, the nutrients of animal manures range between 
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9.9–16.7 g N, 2.0–3.6 g P and 17.2–23.7 g K kg-1 (Mkile, 2001), and are within the 
ranges reported for manures in the west African countries (Lupwayi et al., 2000). 
However, the manures are low in P content which is a limiting factor.  
The nutrient content of manures differs because of the variation in the animal diet that 
influences partitioning of N between faeces and urine. Feeding animals with a high 
quality diet results in N being excreted through urine and is lost through volatilization 
(Somda et al., 1995). It is believed that feeds containing a sizeable amount of tannins 
increase the amount of N excreted in faeces. A study conducted by Mafongoya et al. 
(1997), showed that N in manures from animals fed with a diet rich in tannin is very 
resistant to mineralization in the soil. A study conducted in the Eastern Cape, South 
Africa by Mkile (2001), of nutrient composition of different manures, showed that cattle 
manure had the lowest N, P and K contents followed by sheep, and goat manure had the 
highest content. 
2.4 General overview of the soils of the Eastern Cape and particularly at Fort Hare 
 
 
Soils of the Eastern Cape are dominated by quartz, mica and kaolinite in the clay fraction 
(Mandiringana et al., 2005). Quartz is the most dominant mineral in soil and is more 
concentrated in the coarser silt and sand fractions. The presence of quartz in large 
quantities contributes to the poor chemical and physical properties of the soils. However, 
soils from the University of Fort Hare Research Farm, where the field trials were 
conducted, developed from an alluvial parent material and are dominated by micas in the 
clay fraction, and have low amounts of quartz and kaolinite.  
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Soils of the Eastern Cape contain different amounts of feldspars and these minerals are 
present in substantial amounts in the silt fraction of soils from the University of Fort Hare 
Farm (Mandiringana et al., 2005).  
Soils in the Eastern Cape also contain low amounts of N and P and have the following 
nutrients in abundance: S, Mn, Zn, Cu, and B (Mandiringana et al., 2005). All the soils are 
believed to be from Karoo sediments deposited during the late Carboniferous era (Visser, 
1984).  
2.5 Test crops 
 
 
Tomato, butternut and Swiss chard were used as test crops as they are commonly grown 
in the Eastern Cape region by both commercial and small holder farmers. 
 
2.5.1 Tomato 
 
The tomato (Lycopersicon esculentum Mill) is one of the major vegetable crops 
cultivated in South Africa and is also grown commercially under irrigation in the Eastern 
Cape.  The East London area is notable for hydroponic tomato production under shade 
cloth and in multispan tunnels, with decreasing traditional production in open fields. 
 
The tomato is a high-value crop requiring considerable input in the form of capital and 
labour and requires good management.  It has a relatively high fertilizer requirement in 
traditional production and requires a good spray programme to control a wide range of 
pests and pathogens that vary according to environmental factors, including the type of 
production system, whether in the open or under protection.  Conditions at the University 
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of Fort Hare (UFH) are very different from those near East London and from those 
prevailing in major tomato producing areas of Limpopo and Mpumalanga provinces, for 
example.  At UFH tomatoes would be grown in the field or home garden during the frost-
free spring, summer and early autumn periods.  In East London they are grown year-
round. In frost-free warm to hot subtropical areas of Limpopo and Mpumalanga 
provinces they would be grown any time except perhaps during the hottest summer 
months. 
 
Prevailing weather conditions can have an important bearing on the incidence of tomato 
blights.  However, regular preventive spray programmes need to be followed.  Different 
tomato cultivars may have different degrees of susceptibility to important tomato 
diseases. From previous experience, common tomato diseases previously experienced at 
UFH have been early blight (Alternaria solani) and late blight (Phytophthora infestans), 
as well as spotted wilt virus.  Pests were never a major problem although aphids, red 
spider and looper or American bollworm have periodically occurred (M. O. Brutsch, 
personal communication, 2007).  
 
Early blight is caused by Alternaria solani. Affected plants develop small, dark coloured 
target spots on their leaves and stems especially on young seedlings in plant beds. Small, 
roundish spots are also produced on the fruit. The disease is favored by misty or rainy 
weather or nights with heavy dew (Nel et al., 1999). 
 
Late blight is caused by Phytophthora infestans and infected plants develop water-soaked 
or pale greenish spots on the leaves which turn brown or almost black. The disease also 
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attacks fruit and they develop small grayish green water-soaked areas that increase in 
size, turning brown and wrinkled. Cool wet nights with warm days provide optimum 
conditions for development of the disease (Nel et al., 1999). 
 
Spotted wilt is caused by a virus transmitted by thrips. Young leaves of infected plants 
develop numerous small, dark, circular spots and often show a bronzed appearance. The 
leaves sometimes turn dark and wither. The plants become severely stunted and ripe 
fruits show spots marked with concentric, circular bands of red and yellow 
(MacGillivray, 1953). 
 
Some of the leading tomato and other vegetable growers in South Africa are apparently 
using EM.  However, commercially available EM products supplied by EMROSA in 
South Africa were registered in 2006 only for sale in South Africa (Anon., 2006) and are 
still being tested. Initially, the trials reported here were being conducted with   
registration in mind but subsequently continued without the involvement of EMROSA, 
except that EM products were purchased from their local supplier.   
 
2.5.2 Butternut   
 
The butternut (Cucurbita moschata ) Duchesne ex Poiret) is a popular vegetable in South 
Africa.  It is relatively easy to grow and stores well.  Main problems could be pumpkin 
fly and powdery mildew. Tomato and butternut were the test crops initially recommended 
by EMROSA for EM tests at UFH.           
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2.5.3 Swiss chard 
 
 
Swiss chard (Chenopodiaceae; Beta vulgaris subsp. cycla) also known as chard, leaf beet, 
or spinach beet is produced mainly for its large crisp leaves which are cooked as greens. 
Swiss chard is well suited to comparatively cool climates and has an optimum 
temperature that ranges between 18°C to 20°C. Continued exposure to temperatures less 
than 5°C induces seed production (bolting). Plants that are grown during hot weather 
conditions develop small leaves that are of inferior quality. During late summer, plants 
are subject to attack by leaf spot. 
 
One of the advantages of using Swiss chard as a test crop, other than it having relatively 
few pests and diseases, is that leaves can be harvested as the crop grows thereby making 
it possible to monitor changes in response to different treatments as the crop is growing. 
 
2.6 References 
 
 
ALLISON, F.E., 1973. Soil organic matter and its role in crop production. Developments 
in Soil Science 3. Elsevier, Amsterdam, The Netherlands. 
ANONYMOUS,  2004b. EM user’s manual. EMROSA, (PTY) LTD, 70 Lloys Ellis Ave, 
Mnandi, Centurion, South Africa. 
ANONYMOUS,  2005. EM user’s manual. EMROSA, (PTY) LTD, 70 Lloys Ellis Ave, 
Mnandi, Centurion, South Africa. 
 31
ANONYMOUS, 2004a. Organic farming enters the mainstream. Nature (London) 428, 
783. 
ANONYMOUS, 2006. Compost tea is not tea: Undrinkable vs. EMs are drinkable. 
EMROSA Newsletter. Vol 3, Issue 8. 
ARSHAD, J., 2006. Foliar application of effective microorganisms on pea as an 
alternative fertilizer.  Agronomy for Sustainable Development 26, 257 - 262. 
ARSHAD, M. &  FRANKENBERGER, W.T., 1992. Microbial production of plant 
growth regulators cited in: H.L. Xu, R. Wang & M.A.U. Mridha (eds). Effects of 
organic fertilizers and a microbial inoculant on leaf photosynthesis and fruit yield and 
quality of tomato plants. Crop Production 3, 173 - 182. 
ARYAL, U.K., XU, H.L. & FUJITA, M., 2003. Rhizobia and AM fungal inoculation 
improve growth and nutrient uptake of bean plants under organic fertilization. 
Journal of Sustainable Agriculture 21, 29 -  41.  
ASSIA-PACIFIC NATURAL AGRICULTURE, 1995. EM application manual for 
APNAN countries. M. Shintani (ed). Asia-Pacific Natural Agriculture Network, 
Bangkok, Thailand. 
BONDE, T.A., SCHNÜRER, J. & ROSSWALL, T., 1988. Microbial biomass as a 
fraction of potentially mineralizable nitrogen in soils from long-term field 
experiments. Soil Biology and Biochemistry 20, 447 -  452. 
 32
BRADY, N.C. & WEIL, R.R., 1999. The nature and properties of soil. 12th edn. Prentice 
Hall, Upper Saddle River, New Jersey. 
CAMBARDELLA, C.A., RICHARD, T.L. & RUSSELL, A., 2003. Compost 
mineralization in soil as a function of composting process conditions. European  
Journal of Soil Biology 39, 117 - 127. 
CARNEY, D., 1998. Sustainable Rural Livelihoods. What Contribution Can We Make?. 
Papers presented at the DFID NRAC July 1998. DFID: London, UK. 
CROSS, O.E. & FISCHBACH, P.E., 1972. Water intake rates on a silt loam soil with 
various manure applications. ASAE Paper no 72-128. American Society of 
Agricultural Engineering, St Joseph, Michigan. 
DALAL, R.C., 1998. Soil microbial biomass - what do the numbers really mean?. 
Australian Journal of Experimental Agriculture 38, 649 - 665.  
DALY, M.J. & STEWART, D.C.P., 1999. Influence of effective microorganisms on 
vegetable production and carbon mineralization - a preliminary investigation. 
Sustainable Agriculture 14, 15 - 28. 
DATTA, S., 2002. Indian agriculture: domestic reforms and WTO negotiations as cited  
in: Anwarul Hoda (ed). WTO Agreement and Indian Agriculture. Social Science 
Press, New Delhi. 
 33
DOLES, J.L., ZIMMERMAN, R.J. & MOORE, J.C., 2001. Soil microarthropod 
community structure and dynamics in organic and conventionally managed apple 
orchards in Western Colorado, USA.  Applied Soil Ecology 18, 83 - 96.  
DONAHUE, R.L., 1977. An introduction to soils and plant growth. Prentice Hall, 
Englewood Cliffs, NJ. 
DUGGAN, J.C. & WILES, C.C., 1976. Effects of municipal compost and nitrogen 
fertilizers on selected soils and plants. Composting  Science and Utilization 17, 24-31. 
EPSTEIN, E., TAYLOR, J.M. & CHANEY, R.L., 1992. Effects of sewage sludge and 
sewage sludge compost applied to soil on some soil physical and chemical properties. 
Journal of Environmental Quality 5 (4), 422 - 426. 
ESSE, P.C., BUERKERT, A., HIERNAUX, P. & ASSA, A., 2001. Decomposition of 
and nutrient release from ruminant manure on acid sandy soils in the Sahelian zone of 
Niger, West Africa. Agriculture Ecosystems and Environment 83, 55 - 63. 
EVANS, L.T. 1998. Feeding the ten billion: Plants and population growth. Cambridge 
University Press, Cambridge, UK. 
FAO, 1989. Fertilizer and food production, FAO Fertilizer Program 1961-1986. Rome, 
Italy. 
FOLLET, R.H., MURPHY, L.S. & DOHAHUE, R.D., 1981. Fertilizer and soil 
amendments cited in: M.D.  Soumare, P.N.S. Mnkeni & M. Khouma (eds). Effects of 
Casuarina equisetifolia composted litter and ramial-wood chips on tomato growth 
 34
and soil properties in Niayes, Senegal. Biological Agriculture and Horticulture 20, 
111 - 123.  
FRIEDEL, J.K., GABEL, D. & STAHR, K., 2001. Nitrogen pools and turnover in arable 
soils under different durations of organic farming: II: Source-and-sink function of the 
soil microbial biomass or competition with growing plants. Journal of Plant Nutrition 
and Soil Science 164, 421 - 429.  
FUJITA, M., KATO, S., YAMADA, K., XU, H.L., KATASE, K. & UMEMURA, H., 
1997. Applications of effective microorganisms in nature farming. VHI growth and 
yield of sweet corn as affected by applications of organic fertilizer with effective 
microorganisms. Annual Meeting of Japanese Society of Soil Science and Plant 
Nutrition, April 24, 1997, Sizuoka, Proceedings 43, 163.   
GALLARDO - LARA, F. & NOGALES, R., 1987. Effect of the application of town 
refuse compost on the soil-plant system: A review. Biological Waste 19, 35 - 62. 
GARDNER, R., 1997. The third dimension: Soil fertility and integrated nutrient 
management on hillsides cited in: Integrated nutrient management on farmers’ fields: 
Approaches that work, edited by P. J. Gregory, C. J. Pilbeam & S. H. Walker. The 
Department of Soil Science, University of Reading, Occasional Publication No. 1.  
University of Reading, Reading, UK. 1997: 173 - 192. 
GILES, J., 2004. Is organic food better for us? Nature  428, 796 - 797. 
 35
GOYAL, S., MISHRA, M.M., HOODA, I. S. & SINGH, R., 1992. Organic matter-
microbial biomass relationship in field experiments under tropical conditions: effects 
of inorganic fertilization and organic amendments. Soil Biology and Biochemistry 24, 
1081 - 184. 
GUPTA, S.C., DOWDY, R.H. & LARSON, W.E., 1977. Hydraulic and thermal 
properties of a sandy soil as influenced by incorporation of sewage sludge. Soil 
Science Society of America Proceedings 41, 601 - 605. 
HADAS, A. & PORTNOY, R., 1997. Rates of decomposition in soil and release of 
available nitrogen from cattle manure and municipal waste composts. Compost 
Science and Utilization 5, 48 - 54. 
HANSEN, J.W. & JONES, J.W., 1996. A systems framework for characterizing farm 
sustainability. Agriculture System 51, 185 - 201.  
HARRIS, P.J.C., LLOYD, H.D., HOFNY-COLLINS, A.H., BARRETT, H.R. & 
BROWNE, A. W., 1998. Organic agriculture in sub-Saharan Africa: Farmer demand 
and potential for development. HDRA, Coventry, UK.  
HAYNES, R.J. & NAIDU, R., 1998. Influence of lime, fertilizer and manure applications 
on soil organic matter content and soil physical conditions: a review. Nutrient Cycling 
in Agroecosystems 51, 123 - 137. 
 36
HENSLER, R.F., OLSEN, R.J, WITZEL, S.A., ALTOE, O.J., PAULSON, W.H. & 
JOHANNES, R.F., 1970. Effects of method of manure handling on crop yields, 
nutrient recovery and runoff losses. Trans ASAE 13:726 - 731. 
HIGA, T. & PARR, J.F., 1994. Beneficial and effective microorganisms for a sustainable 
agriculture and environment. International Nature Farming Research Centre, Atami, 
Japan p. 16. 
HIGA, T. & WIDIDANA, G.N., 1991. The concept and theories of effective 
microorganisms cited in: T. Higa, & J.F. Parr (eds). Beneficial and effective 
microorganisms for a sustainable agriculture and environment. International Nature 
Farming Research Centre, Atami, Japan  p. 16.  
HORRIGAN, L., LAWRENCE, R.S. & WALKER, P., 2002. How sustainable agriculture 
can address the environmental and human health harms of industrial agriculture. 
Environmental Health Perspectives 110, 445 - 456.  
HUSSAIN, T., JAVAID, T., PARR, J.F., JILANOI, G. & HAQ, M.A., 1999. Rice and 
wheat production in Pakistan with effective microorganisms. American Journal of 
Alternative Agriculture 14, 30-36. 
ISLAM, N.1995. Population and Food in the Early Twenty-first Century: Meeting Future 
Food Demand of an Increasing Population. IFPRI, Washington DC, USA.  
 37
KAMUKONDIWA, W. & BERGSTORM, L., 1994. Leaching and crop recovery of 15N 
from ammonium sulphate and labeled maize material in lysimeters at a site in 
Zimbabwe. Plant Soil 162, 193-210. 
KATO, S., YAMADA, K., FUJITA, M., XU, H.L, KATASE, K. & UMEMURI, H., 
1997. Applications of effective microorganisms in nature farming. IX. Soil fertility 
and plant nutrient uptake of sweet corn as affected by applications of organic 
fertilizer with effective microorganisms added. Annual Meeting of Japanese Society 
of Soil Science and Plant Nutrition, April 24, 1997, Sizuoka, Proceedings 43, 164.  
KHALEEL, R., REDDY, K.R. & OVERCASH, M.R., 1981. Changes in soil physical 
properties due to organic waste applications: A review. Environmental Quality 10, 
133-141. 
KHALIQ, A., KALEEM, M. & HUSSAIN, T., 2006. Effects of integrated use of organic 
and inorganic nutrient sources with effective microorganisms (EM) on seed cotton 
yield in Pakistan. Bioresource  Technology 97, 967-972.   
KHOR, M., 2004. Sustainable agriculture: Critical ecology, social and economic issues. 
Institute of Science in Society: Science Society Sustainability, Press release.  
LEGG, W. & VIATTE, G. 2001. Farming systems for sustainable agriculture. Scopus 
Preview, 226-227, pp21-24. 
LEGG, W., 1999. Sustainble agriculture: An eonomic perspective. Paper presented to 
ADAS conference, University of Warwick, UK. 
 38
LI, W. & NI, Y., 1995. Research and application of EM (effective microorganisms). 
Chinese Journal of Ecology 14, 58 - 62. 
LOTTER, D.W., 2003. Organic agriculture.  Sustainable Agriculture J. 21, 59 - 128.  
LUPWAYI, N. Z., GIRMA, M. & HAQUE, I. 2000. Plant nutrient contents of cattle 
manures from small-scale farms and experimental stations in Ethiopian highlands. 
Agriculture, Ecosystems and Environment 78, 57–63. 
MACGILLIVRAY, J.H., 1953. Vegetable production: With special reference to Western 
crops. McGraw- Hill , Inc. New York, pp 317. 
MACGILWAN, C., 2004. Organics: Is it the future of farming? Nature  428, 792 - 96. 
MÄDER, P., FLIEBACH, A., DUBOIS, D., GUNST, L., FRIED, P.  & NIGGLI, U., 
2002. Soil fertility and biodiversity in organic farming. Science  296, 1694 - 1697.  
MAFONGOYA, P.L. &  NAIR, P. K.R. 1997. Multipurpose tree pruning’s as a source of 
nitrogen to maize under semiarid conditions in Zimbabwe: Nitrogen recovery rates in 
relation to pruning quality and method of application. Agroforestry Systems 35, 57-
70.  
MAFONGOYA, P.L., DZOWELA, B.H. & NAIR, P.K.,1997. Effect of multipurpose 
trees, age of cutting and drying method on pruning quality cited in: G. Cadisch & 
K.E. Giller (eds). Driven by nature: Plant litter quality and decomposition. CAB 
International, Wallingford, UK, pp 167-174. 
 39
MALHERBE, I. DEV., 1964. Soil Fertility. 5th edn. Oxford University Press; London. 
UK. 
MANDIRINGANA, O.T., MNKENI, P.N.S., MKILE, Z, VAN AVERBEKE, W., VAN 
RANST, E. & VERPLANCKE. H, 2005. Mineralogy and fertility status of selected 
soils of the Eastern Cape Province, South Africa. Communications in Soil Science 
and Plant Analysis 36, 2431 - 2446. 
MAZURAK, A.P., CHESNIN, L. & TIARKS, A.E., 1975. Detachment of soil aggregates 
by simulated rainfall from heavily manured soils in eastern Nebraska. Soil Science 
Society of America Proceedings  39, 732 - 736. 
MEEK, B.D., 1974. The effect of large application of manure on movement of nitrates 
and carbon in an irrigated desert soil. Journal of Environmental Quality 3, 253 - 258. 
MKILE, Z., 2001. The use and agronomic effectiveness of kraal manures in the Transkei 
region of the Eastern Cape, South Africa. Unpublished M Sc. Agric. Dissertation, 
University of Fort Hare, Alice, South Africa. 
MONNIER, G., 1965. Action des matieres organiques sur la stabilité structurale des sols.  
Cited in: R.J. Haynes & R. Naidu (eds). Influence of lime, fertilizer and manure 
applications on soil organic matter content and soil physical conditions: A review. 
Nutrient Cycling in Agroecosystems 51, 123 - 137. 
MUGWIRA, L.M., 1984. Relative effectiveness of fertilizer and communal area manures 
as plant nutrient sources. Zimbabwe Agriculture 81, 85 - 90.  
 40
MUPONDI, L.T., MNKENI, P.N.S. & BRUTSCH, M.O. 2006a. The effect of goat 
manure, sewage sludge and effective microorganisms on the composting of pine bark 
and the nutritional value of compost. Compost Science and Utilization 14, 201 - 210. 
MUPONDI, L.T., MNKENI, P.N.S. & BRUTSCH, M.O., 2006b. Evaluation of pine bark 
or pine bark with goat manure or sewage sludge co-composts as growing media for 
vegetable seedlings. Compost Science and Utilization 14, 238 - 243. 
MYROLD, D. D., 1987. Relationship between microbial biomass nitrogen and nitrogen 
availability index.  Soil Science Society of America Journal 51, 1047 - 1049. 
NEL, A., KRAUSE, M., RAMAUTAR, N., & VAN ZYL, K., 1999. A guide for the 
control of plant diseases. National Department of Agriculture, Pretoria, South Africa. 
OEHL, F., SIEVERDING, MÄDER, E., DUBOIS, D., INEICHEN, K., BOLLER, T. & 
WIEMKEN, A., 2004. Impact of long-term conventional and organic farming on the 
diversity of arbuscular mycorrhizal fungi. Oecologia  138, 574 - 583.  
OUATMANE, A., PROVENZANO, M.R., HAFIDI, M. & SENESI, N., 2000. Compost 
maturity assessment using colorimetry, spectroscopy and chemical analysis. Compost 
Science and Utilization 8, 124 - 134.  
PARK, J & SEATON, R.A.F., 1996. Integrative research and sustainable agriculture. 
Agricultural Systems 50, 81 - 100.  
 41
PAUL, J.W. & BEAUCHAMP, E.G., 1994. Short term nitrogen dynamics in soil 
amended with fresh composted cattle manures. Canadian Journal of Soil Science 74, 
147 - 155. 
PIYADAS, E.R., ATTANAYAKE, K.B., RATNAYAKE, A.D.A. & SANGAKKARA, 
U.R., 1995. The role of effective microorganisms in releasing nutrients from organic 
matter cited in: H.A.H. Sharifuddin, A.R. Annuar & M.F. Shadhbuddin (eds). 
Proceedings of the First International Conference On Kyusei Nature Farming. U.S. 
Department of Agriculture, Washington, D.C., USA, p. 118 - 124. 
PRESCOTT, L.M., HARLEY, J.P. & KLEIN, D.A., 2002. Microbiology 3rd edn. The 
McGraw-Hill Companies, Inc. 
PRETTY, J.N. & HINE, R., 2001. Reducing food poverty with sustainable agriculture: a 
summary of new evidence. CES Occasional paper 2001-2, Centre for Environment 
and Society, University of Essex, United Kingdom. 
PRETTY, J.N., THOMPSON, J. & HINCHCHLIFFE, F., 1996. Sustainable agriculture: 
Impacts on food production and challenges for food security. Gatekeeper Series No. 
60. IIED, London, UK, 1996. 
PULLEMAN, M., JONGMANS, A., MARINISSEN, J. & BOUMA, J., 2003. Effects of 
organic versus conventional arable farming on soil structure and organic matter 
dynamics in a marine loam in the Netherlands. Soil Use and Management 19, 157 - 
165.  
 42
REGANOLD, J.P., ELLIOT, L.F. & UNGER, Y.L., 1987. Long term effects of organic 
and conventional farming on soil erosion. Nature 330, 370 - 372. 
REGANOLD, J.P., GLOVER, J.D., ANDREWS, P.K. & HINMAN, H.R., 2001. 
Sustainability of three apple production systems. Nature 410, 926 - 930. 
RIGBY, D. & CÁCERES, D., 2001. Organic farming and the sustainability of 
agricultural systems. Agricultural Systems 68, 21 - 40.  
SANCHEZ, P.A., PALM, C.A., SZOTT., L.T, CUEVAS, E. & LAL, R., 1989. Organic 
input management in tropical agroecosystems cited in: D.C. Coleman, J.M. Oades & 
G. Uehara (eds). Dynamics of soil organic matter in tropical ecosystems. Honolulu, 
University of Hawaii Press, pp. 125 - 152. 
SANGAKKARA, U.R. 2004. The technology of Effective Micro-organisms (EM) –
Case studies of application. Faculty of Agriculture, University of Peradeniya, 
Peradeniya, Sri Lanka . 
SCHNEIDER, E.A. & WIGHTMAN, F., 1974. Metabolism of auxin in higher plants. 
Annual Review of Plant Physiology 25, 487 - 513. 
SERNA, M.D. & POMARES, F., 1991. Comparison of biological and chemical methods 
to predict nitrogen mineralization in animal waste. Biology and Fertility of Soils 12, 
89 - 94. 
 43
SHAH, A., 2006. Exploring sustainable production systems for agriculture: Implications 
for employment and investment under north-south trade scenario. Ecological 
Economics 59, 237-241. 
SMALING, E.M.A., NANDWA, M.S. & JANSSEN, B.H., 1997. Soil fertility in Africa 
is at stake. Replenishing Soil Fertility in Africa cited in: E. Ouèdraogo, A. Mando & 
L. Brussaard (eds). Soil macrofauna affect crop nitrogen and water use efficiencies 
in semi-arid West Africa. European Journal of Soil Biology 42, 275 - 277. 
SMITH, J.L. & PAUL, E.A., 1990. The significance of soil microbial biomass 
estimations cited in: J.M. Bollag & G. Stotzky (eds), Soil Biochemistry. Vol. 6. 
Marcel Dekker, Inc., New York, NY (1990), pp. 357 - 396. 
SMITH, J.L., PAPENDICK, R.I., BEZDICEK, D.F., LYNCH, J.M., 1993. Soil organic 
matter dynamics and crop residue management cited in: A. Hadas, L.Kautsky, G. 
Mutsafa & E Kara (eds). Rates of decomposition of plants residues and available 
nitrogen in soil related to residue composition through simulation of carbon and 
nitrogen turnover. Soil Biology and Biochemistry, 36, 255-266 
SOMDA, Z.C., POWELL, J.M., FERNANDEZ-RIVERA, S. & REED, J., 1995. Feed 
factors affecting nutrient excretion by ruminants and fall of nutrients when applied to 
soil cited in: J.M. Powell, S. Fernandez-Rivera, T.O. Williams & C. Renard (eds). 
Livestock and sustainable nutrients cycling in mixed farming systems of sub Saharan 
Africa. ILCA, Addis Ababa, Ethiopia, pp. 227 - 246. 
 44
TANNER, P.D. & MUGWIRA, L.M., 1984. Effectiveness of communal area manures as 
sources of nutrients for young maize plants. Zimbabwe Agriculture 81, 31 - 35. 
TESTER, C.F., 1990. Organic amendment effects on physical and chemical properties of 
a sandy soil. Soil Science Society of America Journal 54, 827-831. 
TITTONELL, P, VANLAUWE, B., LEFFELAAR, P.A., SHEPHERD, K.D. & GILLER, 
K.E., 2005. Exploring diversity in soil fertility management of smallholder farms in 
western Kenya I . Heterogeneity at region and farm scale. Agriculture Ecosystem and 
Environment 110, 149 - 165. 
VISSER, D.J.L., 1984. Geological map of the Republics of South Africa, Transkei, 
Bophuthatswana, Venda and Ciskei, and the Kingdoms of Lesotho and Swaziland. 
Department of Minerals and Energy Affairs, Pretoria, South Africa, 1984. 
WATSON, C.A., ATKINSON, D., GOSLING, P., JACKSON, L.R.  & RAYNS, F.W., 
2002. Managing soil fertility in organic farming systems. Soil Use Management 18, 
239–247.  
WEAVER, J.E. & BRUNER, W., 1927. Root development of vegetable crops, McGraw-
Hill, New York. 
WILLER, H & YUSSEFI, M., 2004. The world of organic agriculture: Statistics and 
emerging trends, International Federation of Organic Agriculture Movements, Bonn, 
Germany, p. 167. 
 45
WOODWARD, D., 2003. Soil and sustainability: Effective microorganisms as 
regenerative systems in earth healing. M.Sc. Dissertation. Brighton. Web 
http://www.livingsoil.co.uk/learning/soilsustain.html 
WOOMER, P.L., 2003. Estimating carbon stocks in small holder agricultural systems,  
cited in: P. J. Gregory, C. J. Pilbeam and S. H. Walker (eds). The Department of Soil 
Science, University of Reading, Occasional Publication No. 1.University of Reading, 
Reading, UK. 1997: 173 - 192. 
WORLD BANK, 2000. Entering the 21st Century, World Development Report 
1999/2000. Oxford University Press, New York, USA. 
XU, H.L., 2000. Effects of microbial inoculant and organic fertilizers on the growth, 
photosynthesis and yield of sweet corn. Crop Production 3, 183 - 214. 
YAMADA, K., KATO, S., FUJITA, M., XU, H.L., KATASE,K. & UMEMURA, H., 
1996. An organic fertilizer inoculated with EM used in nature farming practice.  Asia-
Pacific Nature Agriculture Network, Oct 8-12, 1996, Bangkok, Thailand. 
YOGANATHAN, S., SOTANA, M.M., VAN AVERBEKE, W., MANDIRINGANA, 
O.T., MATERECHERA, S., HARRIS, P.J.C. & MNKENI, P.N.S., 1998. Kraal 
manure as a fertilizer for small-scale crop production in Central Eastern Cape, South 
Africa. In Proceedings of AFSR-E 15th International Symposium, 29 November - 4 
December. University of Pretoria, Pretoria, South Africa, 1998: 361 –368. 
 
 
 46
CHAPTER 3 
THE AGRONOMIC EFFECTIVENESS OF EFFECTIVE MICRO-ORGANISMS 
(EM), COMPOST AND MINERAL FERTILIZER ON TOMATO AND 
BUTTERNUT 
3.1 Abstract 
 
Field and greenhouse experiments were conducted during the 2004-2005 summer season 
to evaluate the suitability of effective microorganism (EM) products to improve crop 
productivity and quality through enhanced soil microbial activities and pest and disease 
suppression. Tomato (Lycopersicon esculentum Mill) and butternut (Curcurbita 
moschata) were used as test crops. Experimental treatments were: control, effective 
microorganisms (EM), mineral fertilizer, EM + mineral fertilizer, compost, compost + 
EM, compost + mineral fertilizer and compost + mineral fertilizer + EM. With respect to 
the field-grown tomato experiment, application of EM caused a significant increase in the 
number of fruited tomato plants seven weeks after transplanting. However, application of 
EM alone or in combination with other amendments had a depressive effect on yield 
owing to an outbreak of early and late blights which affected the unsprayed (EM) 
treatments first, and also the most severely. Combined applications of EM with the 
amendments improved plant N content and increased soil N content above initial levels. 
Application of compost resulted in soil N and P concentrations higher than those of the 
control due to nutrients being slowly released from the compost material.  
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Results of the greenhouse study showed that  EM had a negative effect on leaf dry matter 
yield, number of leaves formed, number of trusses formed, fruit yield and number of 
fruits formed. The negative effects of EM were ascribed to possible short term 
immobilization of N by the EM microorganisms that could have resulted in reduced N 
availability to plants. The lower number of fruits  associated with EM application resulted 
in improved average fruit weight of tomatoes grown in the glasshouse as a result of more 
assimilates being partitioned to the few fruits formed. In the butternut trial, the 
application of EM also had a negative effect in that it depressed the total butternut yield, 
marketable yield and first grade yield. The results were attributed to immobilization of N 
induced by application of EM, and to the inability of EM to control pumpkin fly that 
attacked very young fruits, resulting in down grading of mature fruits.  
 
Key words: Butternut, compost, effective microorganisms (EM), mineral fertilizer, tomato  
 
3.2 Introduction 
 
Production in agricultural systems depends largely on the action of the soil microbial 
biomass. Soil microbial biomass pools are an important component of the decomposer 
subsystem that regulates nutrient cycling, energy flow and plant and ecosystem 
productivity and form 2-3% of organic carbon. The soil microbial biomass pool responds 
quickly to changes in the soil environment (Pankhurst et al., 1996).  
 
Most agricultural practices affect soil quality by altering the physical, chemical and 
biological properties of soil and have led to a decrease in soil microbial populations 
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(Valarini et al., 2002). Addition of organic materials to soil, like compost, improves soil 
structure, serves as a source of nutrients, and strongly influences the soil microbial 
biomass and enhances soil enzyme activities (Albiach et al., 2000). Addition of organic 
materials (OM) to soil is an agricultural practice for enhancing soil quality and a way of 
managing waste. Addition of OM into soils also encourages plant development and 
suppresses occurrence of soil-borne diseases (Erhart et al., 1999; Cotxarrera et al., 2002). 
 
Increasing concern about the long-term productivity of agro-ecosystems has led to the 
need to develop management strategies that maintain and protect soil resources. It has 
also led to increased research efforts on the biological components of soil fertility 
dynamics (Smaling & Dixon, 2006). Agricultural scientists have been reviewing the 
concept of inoculating plants and soils with beneficial microorganisms as a way of 
creating an environment more conducive for plant growth (Asia-Pacific Natural 
Agriculture Network, 1995). 
 
In the early 1990’s the use of a microbial inoculum called effective micro-organisms 
(EM) together with organic materials was proposed and introduced to “nature farming 
systems” (Higa, 1994). EM inoculants are liquid microbial concoctions containing yeasts, 
actinomycetes, lactic acid and photosynthetic bacteria (Daly & Stewart, 1999). Most of 
the species in EM inoculants are heterotrophic and require organic sources of carbon and 
nitrogen for their nutrition. Therefore, EM inoculation has been more effective when 
applied in combination with organic materials to provide both carbon and nitrogen 
(Yamada & Xu, 2000). The microorganisms contained in the concoctions produce plant 
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hormones, beneficial bioactive substances and antioxidants while solubilizing nutrients 
(Higa & Parr, 1994). 
 
Following the application of EM there is an increase in soil microorganisms that are 
beneficial for plant growth, resulting in more rapid mineralization of organic matter, 
suppression of soil-borne pathogens and increased crop yield and quality (Asia-Pacific 
Natural Network, 1995). Other studies have shown that inoculation of the agro-ecosystem 
with EM leads to an improvement in soil and crop quality in addition to higher crop 
yields (Higa & Parr, 1994; Li & Ni, 1995).  
 
EM inoculants are produced and marketed in South Africa by EMROSA (Pty) Ltd. There 
is, however, only limited information on the effectiveness and use of EM in South Africa. 
Mupondi et al. (2006a, 2006b) found that co-composting of pine bark with EM had no 
effect on compost quality, but improved cabbage seedling growth.   
 
The objectives of this study were therefore to evaluate (i) the effects of EM on the growth 
and yield of tomato and butternut in an Oakleaf soil in the Eastern Cape, (ii) the effects of 
co-application of EM with mineral fertilizer and compost, and (iii) the effects of EM 
application on selected soil properties. The hypotheses tested were (i) the application of 
EM increases growth and yields of tomato and butternut crops, (ii) co-application of EM 
with mineral fertilizer and compost has synergistic effects on butternut and tomato yield, 
and (iii) the application of EM improves soil chemical properties. 
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3.3 Materials and methods 
 
3.3.1 Location and climate of the experimental site 
 
 
The experiments were conducted on the Research Farm of the University of Fort Hare, 
Alice, Eastern Cape Province, South Africa during the 2004-2005 summer season. The 
farm is located at longitude 32046' S and latitude 26050' E at an altitude of about 535 m 
a.s.l. It has a warm temperate climate with an average annual rainfall of about 575 mm 
received mainly during the summer months. The soils are deep and alluvial, of the 
Oakleaf form (Oa), belonging to Jozini series, according to the South African system of 
soil classification (Soil Working Group, 1991). According to the soil map of the world 
compiled by FAO-UNESCO (1988), the soils are Eutric fluvisols (Fle). The soil had very 
low concentrations of total nitrogen, available phosphorus and organic C, but had high 
levels of micronutrients and exchangeable K (Table 3.1). The pH was 5.7 and suitable for 
growth of both tomato and butternut crops.  
                                                                                                                                                                                          
3.3.2 Effective microorganisms (EM) 
 
 
Three experiments were conducted to evaluate the effectiveness of EM products supplied 
by EMROSA (Pty) Limited. The brands used in the trials included multiplied - EM, EM -
F.P.E, EM 3- in-1 and EM - 5. The first was applied as a soil drench while the last three 
were applied as foliar pesticide mixtures. Multiplied - EM is a mixture of basic EM, 
molasses and water in a ratio of 1 : 1 : 20. EM - F.P.E stands for fermented plant extract 
and was prepared by mixing chopped fresh weeds, chlorine-free water, molasses (3 %) 
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and multiplied - EM (3 %) in a ratio of 40 : 33 : 1 : 1. EM 3-in-1 is an insect repellent and 
was produced in a similar way as EM - F.P.E but using different ingredients. The 
ingredients used in this case were fresh garlic, chili pepper, ginger (400 g of each, 
chopped), black pepper (200 g powdered, 600 ml of multiplied - EM and 18 L of water. 
EM - 5 is a mixture of multiplied - EM, molasses, vinegar, strong distillation alcohol 
(more than 30 %) and water (Anon., 2004; 2005). All four brands of EM were used in 
EM - treated plots. Multiplied - EM was applied as a soil drench by dissolving EM in 
water in a ratio of 1 : 300 and the resultant solution applied at a rate of 200 L per 
experimental unit seven days before seedlings were transplanted. During the course of the 
experiment, multiplied - EM solution, in a ratio of 1 : 500, was applied to respective EM - 
treated plots at the rate of 50 L per week. Mixtures of EM - FPE, EM 3- in-1 and EM - 5 
diluted with water in a ratio of 1 : 800 were sprayed to control diseases and pests in EM 
treated plots.  
 
3.3.3 Compost 
 
 
Just Nature compost was used for the field tomato experiment and an equivalent of 27 t 
ha-1 (which supplied 332.1, 99.09, 88.56 kg ha-1 of N, P, and K, respectively) was 
applied. The compost is made up of animal manure and other organic refuse. It is 
manufactured by ABAKOR Ltd and distributed by a number of marketers in South 
Africa. Some characteristics of the compost are shown in Table 3.2. Nature’s Super Grow 
compost was used for the greenhouse tomato experiment and butternut field experiment 
at a rate of 27 t ha-1 which supplied 54, 13.5 and 10 kg ha-1 of N, P and K, respectively. 
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The compost is made up of pine bark and other organic refuse material and is 
manufactured by C.S.M at Brakkerfontein, Port Elizabeth.  Some characteristics of the 
Nature’s Super Grow compost are shown in Table 3.2.  
 
The compost materials were analyzed for nutrient concentrations after the experiments 
were conducted, as described in section 3.4.2. 
 
3.3.4 Experiment 1: Effects of the integrated use of EM, compost and mineral fertilizer 
on field-grown tomato  
 
The objective of this experiment was to evaluate the effects of EM on the growth and 
yield of tomatoes (Lycopersicon esculentum Mill) grown under field conditions. The 
experiment was a randomized complete block design (RCBD) with six replicates. 
Treatments were: control, EM only (EM), recommended fertilizer (RF) (N 200: P 90 kg 
ha-1), EM + recommended fertilizer (EM + RF), compost only (Comp), compost + EM 
(Comp + EM), compost + recommended fertilizer (Comp + RF), compost + 
recommended fertilizer + EM (Comp + RF + EM). These amendments were applied to 
plots measuring 4.5 m x 5 m. The compost and the recommended fertilizer were applied 
in the top 5-7 cm of soil by mixing with a spade. 
 
3.3.4.1 Agronomic practices 
 
Tomato seeds (cv Hytec 36) for raising seedlings to be planted in EM-treated plots were 
soaked in 0.1 % multiplied - EM for 30 minutes. The other seeds were soaked for 30 
minutes in distilled water only prior to sowing in Hygromix seedling mix (marketed by 
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Hygrotech, South Africa) in cavity trays in the greenhouse. After four weeks, the 
seedlings (10 to 15 cm high) were transplanted on pre-irrigated plots using a spacing of 
50 cm within rows and 150 cm between rows. Plant growth was monitored regularly. 
Some plants were destroyed and or damaged by hail two weeks after transplanting. 
Copper Count - N {copper ammonium carbonate (SL)}, and Dithane M45 {Mancozeb 
(WP)} applications were applied alternately and cutworm bait was applied in plots where 
EM was not applied. Treatment effects on plant growth were evaluated by counting the 
number of plants that had flowered five weeks after transplanting and plants with fruits at 
seven weeks after transplanting. Disease infestation was measured by counting the 
number of infested plants per plot. Plants affected by spotted wilt virus were uprooted 
and discarded to prevent the spread of the disease to unaffected plants (those without 
visible symptoms). The experiment was prematurely terminated at 10 weeks after 
transplanting due to severe infection by early and late blights. Yield was based on a 
single row, leaving out the border rows. Yield variables measured included the number of 
fruits, fruit set, total mass of fruits, and proportion of marketable fruits. 
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Table 3.1 Selected properties of the experimental soil (upper 0-30 cm depth) 
 
Characteristics Value  
pH (KCI)      5.7  
Bulk density (gcm-3)      1.23  
Total N (g kg-1)      0.9  
Available P (mg kg-1)    59  
Exchangeable K (mg kg-1)    441  
Exchangeable Ca (mg kg-1)  1028  
Exchangeable Mg (mg kg-1)    246  
Zn (mg kg-1)      15.2  
Mn (mg kg-1)     46  
Organic C (g kg-1)        6.0  
Cu (mg kg-1)        2.9  
 
Table 3.2 Selected properties of the compost materials used 
 
Characteristic Just Nature Nature’s Super Grow 
pH (H2O) -    4.33 
EC (µS cm-1) -    2.37 
Total N (g kg-1)   12.3    2.0 
Total P (g kg-1)     3.67    0.5 
Total K (g kg-1)     3.28    0.4 
Polyphenol (g kg-1) -    9.8 
Total C (g kg-1) 215.8 193.3 
C:N   17.5   96.65 
C:P   58.8 386.6 
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3.3.4.2 Soil and leaf analysis 
 
Soil and leaf samples were taken at harvest to assess treatment effects on soil and plant         
nutrient content. Leaf sampling was done by taking the third youngest fully expanded leaf 
from shoots (Jones et al., 1971) of 10 plants from the experimental row of each 
experimental unit. The leaf dry matter was determined after oven drying to constant mass 
at 65 0C. The dried samples were ground in a hammer mill to pass through a 1 mm mesh 
sieve. The ground samples were digested with sulphuric acid, selenium powder and 
salicylic acid mixture for the determination of total P and K (Okalebo, Gathua and 
Woomer, 2002). Phosphorus was read on a colorimeter following colour development by 
the molybdenum blue method (Okalebo et al., 2002). Potassium in digested samples was 
determined by flame photometry. Total nitrogen was determined using a LECO TruSpec 
C/N auto analyzer (LECO Corporation, 2003).  
 
Soil samples taken after harvest were air dried for 2 weeks and ground to pass through a 
2 mm mesh sieve. Soil pH and electrical conductivity (EC) were determined in water 
extracts as described by Okalebo et al. (2002). Samples were shaken in distilled water in 
a ratio of 1:2:5 on a reciprocal shaker for 10 minutes and left standing for 30 minutes, 
then shaken again for 2 minutes, after which pH was read using a WTW pH 526 meter, 
while EC was read on a WTW 330i conductivity meter. Total-N was determined using a 
LECO TruSpec C/N auto analyzer (LECO Corporation, 2003) and extractable P and K 
were determined following the Ambic-2 extraction method (Non-Affiliated Soil Analysis 
Work Committee, 1990). 
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3.3.5 Experiment 2: Effects of the integrated use of EM, compost and mineral fertilizer 
on greenhouse-grown tomato 
 
As a result of the premature termination of the field trial due to severe disease infestation, 
it was decided to repeat the experiment under green-house conditions. The number of 
treatments, soil and experimental design used were as described in Section 3.4 for the 
tomato field experiment except that treatments were replicated 10 times. Each replicate 
consisted of two tomato plants in 30 cm3 pots containing 15 kg of soil. The agronomic 
practices were basically as described for the field experiment. Growth parameters 
measured included plant height, stem girth, number of leaves and trusses formed.  As 
there were no significant observable signs of disease infection during the initial growth 
stages, it was not necessary to score disease incidence. However, occurrence of stem-end 
rot (a fruit physiological disorder) was observed and noted at harvest. Harvesting of 
mature fruits was done at 12 weeks after planting and yield was evaluated as number of 
fruits, total mass of fruits, average mass of fruit and proportion of marketable fruits. Leaf 
and stem biomass were also measured on a dry mass basis. Soil and leaf samples were 
taken at harvest time to assess treatment effects on soil and plant nutrient content. Leaf 
sampling was done by taking leaves from the fourth to the sixth clusters (Jones et al., 
1971). The leaf dry matter was determined after oven drying to constant mass at 650C. 
The dried samples were ground in a hammer mill to pass through a 1 mm mesh sieve and 
analyzed as described for the field experiment (Section 3.3.4.2). 
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3.3.6 Experiment 3: Effects of the integrated use of EM, compost and mineral fertilizer 
on field-grown butternut 
 
The objective of this experiment was to evaluate the effects of EM on growth and yield of 
a butternut (Curcurbita sp) crop grown under field conditions. Treatments, experimental 
design and the soil were as described in Section 3.3.4 for the tomato field trial. There 
were four replicates, and each experimental unit measured 3 m by 5 m. To avoid having 
an excessively large experimental area, border rows were provided only for the perimeter 
plots. Application of EM, compost and mineral fertilizers was as described in Section 
3.3.4 for the tomato field experiment.  
 
3.3.6.1 Agronomic practices 
 
 
Butternut seeds (cv Waltham) for the EM treatments were soaked in 0.1 % EM for 30 
minutes and the other seeds were soaked in distilled water for 30 minutes prior to sowing 
directly in the field. Some planted seeds failed to germinate, necessitating replanting. 
This resulted in an uneven plant stand in some treatments, which was compounded by a 
hail storm, six weeks after planting that damaged and even destroyed some plants.  
Pumpkin fly control in plots not treated with EM was done once a week by alternating 
Trichlorfon 950 SP (Trichlorfon) and Topaz (Penconazole).  
 
Disease and pest incidence and severity were assessed by counting the number of 
damaged leaves, the number of fruits that failed to develop due to attack by pumpkin fly 
and the number of fruits at harvest that had been affected by the fly. Yield of marketable 
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and unmarketable butternuts was evaluated by counting and weighing fruits. 
Unmarketable fruits were those damaged by pumpkin fly and those with prominent fruit 
cracks. Plant and soil samples were collected and analyzed as described in Section 3.3.4.2 
for the field-grown tomatoes.  
 
3.3.7 Data analysis 
 
 
To eliminate the effects of an uneven plant stand resulting from removal of plants 
infected with spotted wilt virus, and damage from hail in the case of tomatoes planted in 
the field, or caused by unsatisfactory germination and by hail damage in the case of the 
butternut experiment, analysis of covariance was conducted on growth data, using plant 
population as the co-variant. The rest of the data was subjected to analysis of variance 
(ANOVA) using the SAS statistical package while means were separated using least 
significance differences (LSD) at the 0.05 level of significance.  
3.4 Results  
 
3.4.1 Effects of the integrated use of EM, compost and mineral fertilizer on field-grown 
tomato 
3.4.1.1 Effects on number of fruited plants seven weeks after transplanting 
 
 
There were no significant treatment effects on the number of flowered tomato plants, five 
weeks after transplanting. However, there were significant treatment effects on the 
number of fruited tomato plants, seven weeks after transplanting. EM application 
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appeared to promote earliness of fruiting although the results were not statistically 
significant, possibly because of a high coefficient of variation (Table 3.3). For example, 
application of sole EM resulted in an increase of 83.3 % in the number of fruited plants 
relative to the control. When applied with compost a 62.1 % increase in the number of 
fruited plants was recorded relative to the compost treatment. Application of EM with 
mineral fertilizer resulted in a 52 % increase in the number of fruited plants relative to the 
mineral fertilizer treatment. Integrated use of EM, mineral fertilizer and compost resulted 
in a 51.6 % increase in the number of fruited plants compared to the compost and mineral 
fertilizer treatment.  
 
3.4.1.2 Effects on tomato fruit yield  
 
 
Treatment effects on tomato fruit yield are shown in Table 3.3. Only the reference 
fertilizer increased yield significantly relative to the control while sole application of EM 
or its application with compost, reference fertilizer or both, resulted in yield decreases. 
For example, the sole application of EM resulted in a 26.9 % decrease in fruit yield 
relative to the control while its application with compost resulted in a 23.2 % decrease in 
fruit yield relative to the compost treatment. The combination of EM and mineral 
fertilizer decreased fruit yield by 46 % relative to the fertilizer treatment and a 49.6 % 
decrease in fruit yield was observed relative to the compost + mineral fertilizer treatment 
when EM was co-applied with mineral fertilizer and compost.   
 
Application of EM did not result in a significant reduction in pest and disease incidence 
and severity. All the plants were severely affected by the blight (Plate 3.1) that developed 
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after a prolonged period of rainfall and overcast weather in February (Figure 3.1), and 
this necessitated the premature termination of the trial. Initially, plants in EM-treated 
plots looked better than the plants of the control treatment (Plate 3.2). As a result of the 
blight attack, the proportion of marketable tomato fruits was also severely lowered (Table 
3.3).  The unmarketable yield was accounted for mainly by excessively small fruits and 
fruit damaged by pests and diseases, in this case mainly American Bollworm and Late 
blight. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1 Prevailing temperatures and rainfall in January (above) and February (below) 2005 
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Plate 3.1     Tomato plants affected by Late blight.  Note that the EM - treated plants (foreground) were 
more affected by Late blight than those which were sprayed with fungicide (background). 
 
  
Plate 3.2      Early growth of field-grown tomato. Note better growth at this stage with EM (right) than for 
control (left).  
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Table 3.3 Effects of EM, compost and recommended fertilizer combinations on the 
proportion of plants that had fruited  seven weeks after transplanting of 
tomato,  on total fruit yield (t ha-1) and on marketable yield (t ha-1) of field-
grown tomato. 
 
Treatment No. of fruited 
Plants ha-1 (10-3) 
Yield  
(t ha-1) 
Marketable  
Yield (t ha-1) 
Control 2b 28.3abc 15.0ab 
EM 4ab 20.7dc   8.1cd 
RF 5ab 36.3a 15.5ab 
EM+RF  7a   19.6cd   6.9d 
Comp 3b   25.9bcd 14.3abc 
Comp+EM 5ab 19.9cd   8.4cd 
Comp+RF 3b 34.7ab 16.2a 
Comp+RF+EM 5ab 17.5d   9.5bcd 
CV (%) 55.0 29.9 42.1 
EM: effective microorganisms, RF: recommended fertilizer, EM + RF: effective microorganisms and 
recommended fertilizer, Comp: compost, Comp + EM: compost and effective microorganisms, Comp + 
RF: compost and recommended fertilizer, Comp + RF + EM: compost, recommended fertilizer and 
effective microorganisms  
**Means in each column followed by the same letter are not significantly different from each other at P≤  
0.05 according to the LSD test. 
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3.4.1.3 Effects on plant and soil nutrient content 
 
 
Application of the different amendments, singly and in combination, significantly 
affected leaf N content (Table 3.4), which was expected considering the relatively low N 
and organic matter status of the soil (Table 3.1). Combined applications of EM with the 
amendments improved leaf N content compared to single application of the amendments. 
Leaf N content ranged from 36 g kg-1 to 49.9 g kg -1. EM alone increased leaf N content 
by 38.6 % relative to the control. Application of EM + RF increased leaf N content by 
15.1 % relative to the mineral fertilizer treatment. When applied with compost, a 21.6 % 
increase in leaf N content was observed relative to the compost treatment. Application of 
Comp + RF + EM resulted in a 16.3 % increase in leaf N content relative to the Comp + 
RF treatment. The highest leaf N content was observed in plots treated with EM + RF but 
the greatest effect of EM on leaf N content was attained with application of EM alone. 
The leaf P and K content were not significantly affected by any of the treatments (Table 
3.4). The content of N and K in leaves was higher than the critical levels of 12 g kg-1 for 
N and 3 g kg-1 for K, respectively.  Leaf P content, on the other hand, was lower than the 
critical level of 3 g kg-1 for P reported by Foth and Ellis (1988).  
 
 
 
 
 
 
 64
Table 3.4  Effects of EM, compost and recommended fertilizer combinations on leaf and 
soil N, P and K of field-grown tomato. 
  
Treatment Leaf  Soil 
    N 
(g kg-1) 
     P 
(g kg-1) 
    K 
(g kg-1) 
     N 
(g kg-1) 
     P 
(g kg-1) 
    K 
(g kg-1) 
Control 36.0c   0.8ab 22.3a    6.1d   0.5d 41.3b 
EM 49.9a   0.8ab 23.0a   7.0cd   0.5cd 42.9b 
RF 43.6abc   0.7ab 24.4a    6.8d   0.7cd 39.4b 
EM+RF  50.2a   0.9a 25.3a    7.7bcd   0.9bc 35.0b 
Comp 40.8bc   0.7ab 21.3a    9.8a   1.3a 35.9b 
Comp+EM 49.6ab   0.8ab 25.4a    9.6ab   1.2ab 61.0a 
Comp+RF 41.7abc   0.8ab 19.8a  10.3a   1.5a 45.1ab 
Comp+RF 48.5ab   0.6b 22.1a    9.0abc   1.5a 42.0b 
CV (%) 17.2 28.0 23.2  20.8 33.1 33.4 
 
EM: effective microorganisms, RF: recommended fertilizer, EM + RF: effective microorganisms and 
recommended fertilizer, Comp: compost, Comp + EM: compost and effective microorganisms, Comp + 
RF: compost and recommended fertilizer, Comp + RF + EM: compost, recommended fertilizer and 
effective microorganisms  
**Means in each column followed by the same letter are not significantly different from each other at P≤  
0.05 according to the LSD test. 
 
 
There were significant treatment effects on residual soil nutrient concentration. Residual 
soil N content ranged from 6.1 g kg-1 to 10.3 g kg-1. Residual soil N in plots treated with 
sole EM, RF and EM + RF was not significantly different from the control (Table 3.4).         
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Application of compost alone or across treatments significantly increased soil N 
concentration relative to the control treatment. A similar trend was observed with 
available P. Soil extractable P ranged from 0.5 g kg-1 to 1.5 g kg-1.  Soil available K 
ranged from 35 g kg-1to 61 g kg-1. Addition of EM with compost did not result in higher 
levels of N and P being released. Application of Comp + EM increased available K 
relative to the control.   
 
3.4.2  Effects of the integrated use of EM, compost and mineral fertilizer on greenhouse-
grown tomato  
3.4.2.1 Effects on leaf dry matter yield  
 
The objective of the greenhouse tomato trial (Plate 3.3) was to try and follow up the field 
experiment under a controlled environment. There were significant (P≤ 0.05) treatment 
effects on leaf dry matter yield. Application of EM and compost alone or their combined 
application did not increase leaf dry matter yield of tomato significantly over that of the 
control (Table 3.5). An 8.5 % decrease in leaf dry matter yield with sole EM application 
was observed relative to the control. When applied with compost, a 19.3 % decrease in 
leaf dry matter yield was observed relative to the compost treatment. The apparent 
depressive effect of EM was further observed when it was applied with recommended 
fertilizer whereby this treatment resulted in a 7.2 % decrease in leaf dry matter yield 
relative to recommended fertilizer treatment. Application of EM with mineral fertilizer 
and compost resulted in a decrease in leaf dry matter yield of 3.7 % relative to the 
mineral fertilizer and compost treatment. The results, therefore, demonstrated a definite 
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negative trend whereby the application of EM singly or in combination with mineral 
fertilizer or compost depressed leaf dry matter yield.  
 
 
3.4.2.2 Effects on tomato fruit yield  
 
 
The treatment effects on tomato fruit yield are shown in Table 3.5. Application of sole 
EM or combined with compost or mineral fertilizer had a negative effect on fruit yield. 
Application of EM alone in this study resulted in a 15.4 % decrease in yield over the 
control (Table 3.5). Similarly, application of EM with compost resulted in a 24.1 % 
decrease in fruit yield relative to the compost treatment and reduced fruit yield by 6.5 % 
when it was applied with mineral fertilizer relative to the mineral fertilizer treatment. 
When EM was combined with both mineral fertilizer and compost a 12.3 % decrease in 
fruit yield was recorded relative to the compost + mineral fertilizer treatment. Treatments 
that received a combination of compost + mineral fertilizer gave the highest fruit yield, 
with a 51 % fruit yield increase relative to the control treatment.  
 
3.4.2.3 Effects on average fruit mass  
 
 
Average fruit mass was significantly (P≤ 0.05) affected by some of the treatments. 
Although sole application of EM did not have a significant effect on average fruit mass, a 
positive trend was observed with its application. Sole application of EM resulted in an 
11.6 % increase in average fruit mass relative to the control. When EM was applied with 
compost, a 9.9 % increase in average fruit mass was recorded relative to the compost 
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treatment. On the other hand, application of EM with mineral fertilizer resulted in a 4.7 % 
increase in average fruit mass relative to the mineral fertilizer treatment. Application of 
EM + mineral fertilizer + compost resulted in an 11 % decrease in average fruit mass 
over the mineral fertilizer + compost treatment (Table 3.5).  
 
Plate 3.3 Tomato plants growing in the greenhouse: A = Control vs Fertilizer + Compost, 
B = Control vs Fertilizer, C = Control vs EM, D = Control vs EM + Fertilizer, 
E = Control vs EM + Compost,  F = Control vs EM + Compost + Fertilizer, H 
= layout of the experiment in the greenhouse. 
A     B     C 
D     E     F 
G     H 
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Table 3.5 Effects of EM, compost and mineral fertilizer combinations on leaf dry matter   
yield (DMY), leaf number, number of trusses, fruit yield, fruits formed and on 
average fruit mass of greenhouse-grown tomato.  
 
 
Treatment Leaf 
DMY  
(g pot-1) 
Leaf 
number 
pot-1  
Number of 
Trusses 
 pot-1 
Fruit 
yield 
(g pot-1) 
Fruits 
formed 
pot-1 
Average 
fruit 
mass  
(g fruit-1) 
Control  45.8cd 21c  11cd 
  
418.9de 15c 42.1bc 
EM  41.9d  17c   7e 
 
354.4e   8cd  47.0ab  
 
RF 57.3ab 39a 16a 
 
563.4ab
  
20ab 29.8d 
 
EM+RF 53.2abc 34ab 15ab 
 
526.6bc 17b 31.2d  
 
Comp 48.7bcd
  
20c   9de 
  
470.0cd
  
10c 51.5ab 
 
Comp+EM 39.3d 18c   8e 356.8e    7d 56.6a 
 
Comp+RF 70.0a 32b 15ab 
 
632.8a  20a 32.7cd 
 
Comp+RF+EM 59.7a 33b  13bc 
 
555.1ab 20a 29.1d 
C.V (%) 16.8 22 20.7   18.3       20.2       27.2 
 
EM: effective microorganisms, RF: recommended fertilizer, EM + RF: effective microorganisms and 
recommended fertilizer, Comp: compost, Comp + EM: compost and effective microorganisms, Comp + 
RF: compost and recommended fertilizer,Comp + RF + EM: compost, recommended fertilizer and effective 
microorganisms  
**Means in each column followed by the same letter are not significantly different from each other at P≤  
0.05 according to the LSD test. 
 
 
                                                                                                                                                                                                               
3.4.2.4 Effects on plant and soil nutrient content 
 
Leaf N, P and K content are shown in Table 3.6. The leaf N content ranged from 9 g kg-1 
to 13.9 g kg-1 and the content for most treatments was lower than the critical level of 12 g 
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kg-1 for N cited by Foth and Ellis (1988). The low leaf N content was reflected in the 
yellowing of some plants (Plate 3.3). Application of EM with mineral fertilizer 
significantly increased leaf N content relative to the control and was the only treatment 
that resulted in leaf N content greater than the critical level. Application of compost + RF 
+ EM improved leaf N content and N uptake and application of sole EM increased leaf N 
content but not its uptake. Application of EM singly or in combination with compost led 
to a decrease in leaf N content and plant N uptake. 
 
The leaf P content ranged from 1.3g kg-1 to 2 g kg-1 and was much lower than the critical 
leaf P content of 3 g kg-1 cited by Foth and Ellis (1988). Application of compost resulted 
in the highest leaf P content with application of EM + RF and Comp + RF + EM resulting 
in the lowest leaf P content 
 
The leaf K content was higher than the critical level of 3 g kg-1 cited by Foth and Ellis 
(1988). Soil nutrients were not significantly influenced by treatments (Table 3.6).  
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Table 3.6 Effects of EM, compost and mineral fertilizer combinations on plant and soil N, P and K of greenhouse-grown tomato 
 
Treatment   Plant    Uptake    Soil  
    N     P     K     N     P       K     N    P     K 
(g kg-1) (g kg-1) (g kg-1) (g pot-1) (g pot-1) (g pot-1) (g kg-1) (g kg-1) (g kg-1) 
Control    9.9b   2.1a 17.3abc    4.41dc   0.95bc   7.92bcd    3.8a   1.4b 18.4b 
EM  10.1b   2.1a 17.6abc    4.10dc   0.88bcd   7.29cd    3.5a   0.7e 18.8b 
RF   11.9b   1.8dc 15.4c    6.67ab   1.00ab   8.86bc    3.2a   1.4b 17.5b 
EM+RF  13.9a   1.4e 15.6c    7.30a   0.71d   8.21bcd    4.0a   0.9de 16.5b 
Comp    9.8b   2.4a 19.9ab    4.73dc   1.17a   9.65bc    3.5a   1.7a 23.0a 
Comp+EM    9.1b   2.4a 16.7abc    3.37d   0.95bc   6.34d    3.4a   1.0cd 24.6a 
Comp+RF    9.0b   1.7d 16.2bc    5.49bc   1.05ab 10.06ab    3.3a   1.8a 18.7b 
 
Comp+RF+EM  11.7ab   1.3e 20.6a    6.97ab   0.78cd 12.16a    3.4a   1.1c 16.9b 
CV (%)  30 15.6 18.8  27.5 17.5 23  52 18.5 15.1 
 
EM: effective microorganisms, RF: recommended fertilizer, EM + RF: effective microorganisms and recommended fertilizer, Comp: compost, Comp + EM: 
compost and effective microorganisms, Comp + RF: compost and recommended fertilizer,Comp + RF + EM: compost, recommended fertilizer and effective 
microorganisms  
**Means in each column followed by the same letter are not significantly different from each other at P≤  0.05 according to the LSD test. 
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3.4.3   Effects of the integrated use of EM, compost and mineral fertilizer on field - 
grown butternut  
 
3.4.3.1 Effects on fruit yield and yield components 
 
Application of EM and compost alone, or their combination, did not significantly affect 
total fruit yield of butternut over the control treatment (Table 3.7). However, the 
application of EM alone and in combination with compost or mineral fertilizer had a 
consistent but non-significant depressive effect on total fruit yield, marketable yield and 
yield termed as first grade. Application of EM alone resulted in a 15.6 %, 12.6 % and 
18.1 % reduction in total fruit yield, marketable yield and first grade yield, respectively, 
relative to the control treatment. When EM was applied with mineral fertilizer, a 42 %, 
50.5 % and 57.8 % decrease in total fruit yield, marketable yield and first grade yield, 
respectively, was observed relative to the recommended fertilizer treatment. When EM 
was applied with compost, decreases of 8.2 %, 16.8 % and 5.2 % in total fruit yield, 
marketable yield and first grade yield, respectively, were observed relative to the compost 
treatment. Similarly, the application of EM with mineral fertilizer and compost resulted 
in 42.8 %, 55.2 % and 57.4 % decreases in total fruit yield, marketable yield and first 
grade yield, respectively, relative to a combination of compost + mineral fertilizer 
treatment. The highest total fruit yield, marketable yield and first grade yield were 
observed in plots treated with mineral fertilizer + compost, where yield was boosted by 
52.3 %, 83.9 % and 108.7 %, respectively, relative to the control treatment.  
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Table 3.7 Effects of EM, compost and mineral fertilizer combinations on fruit yield of 
field-grown butternut. 
 
Treatments Total yield  
(t ha-1) 
Marketable  
yield (t ha-1) 
First-grade  
(t ha-1) 
Control  25.6bc 19.9bc 12.7bc 
EM 21.6c 17.4c 10.4c 
RF 34.8ab 30.9ab 24.4ab 
EM+RF  20.2c 15.3c 10.3c 
Comp 21.9c 19.6bc 11.6c 
Comp+EM 20.1c 16.3c 11.0c 
Comp+RF 39.0a 36.6 a 26.5a 
Comp+RF+EM 22.3c 16.4c 11.3c    
CV (%) 32.5 37 53.4 
 
EM: effective microorganisms, RF: recommended fertilizer, EM + RF: effective microorganisms and 
recommended fertilizer, Comp: compost, Comp + EM: compost and effective microorganisms, Comp + 
RF: compost and recommended fertilizer,Comp + RF + EM: compost, recommended fertilizer and effective 
microorganisms  
**Means in each column followed by the same letter are not significantly different from each other at P≤  
0.05 according to the LSD test. 
 
 
3.4.3.2 Effects on plant and soil nutrient content 
 
Individual factors (EM, compost and mineral fertilizer) did not have any significant effect 
on leaf and soil N, P and K (Table 3.8) content.  
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Table 3.8  Effects of EM, compost and recommended fertilizer combinations on leaf and 
soil N, P and K of field-grown butternut 
 
Treatment Leaf  Soil 
    N 
(g kg-1) 
    P 
(g kg-1) 
    K 
(g kg-1) 
    N 
(g kg-1) 
    P 
(g kg-1) 
    K 
(g kg-1) 
Control 15.6a         1.4a        16.8a           2.4a         0.5a       34.5a       
EM 16.3a         1.4a       18.3a          3.7a          0.6a       42.3a      
RF 15.7a         1.6a        20.1a           3.8a          0.7a       36.4a        
EM+RF  17.1a         1.6a  22.4a           3.2a         0.9a       33.4a        
Comp 16.4a         1.6a       18.9a           3.1a         0.7a       36.0a       
Comp+EM 15.6a     1.4a  18.6a          3.2a         0.6a       39.4a 
Comp+RF 14.7a      1.5a        19.6a           3.4a         0.9a       39.6a       
Comp+RF+EM 16.1a         1.5a        18 8a           2.5a       0.9a        40.7a        
C.V (%) 11.0 13.3 13.5  30.6 21.1 15.0 
 
EM: effective microorganisms, RF: recommended fertilizer, EM + RF: effective microorganisms and 
recommended fertilizer, Comp: compost, Comp + EM: compost and effective microorganisms, Comp + 
RF: compost and recommended fertilizer,Comp + RF + EM: compost, recommended fertilizer and effective 
microorganisms  
**Means in each column followed by the same letter are not significantly different from each other at P≤  
0.05 according to the LSD test. 
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3.5 Discussion 
 
3.5.1 Effects of the integrated use of EM, compost and mineral fertilizer on field-grown 
tomato 
3.5.1.1 Effects on number of fruited plants seven weeks after transplanting 
 
The results obtained in this study showed that EM had a positive effect on fruiting of 
tomato plants, with the highest number of fruited plants being observed where EM was 
applied with mineral fertilizer. This suggests the possible existence of some synergistic 
activities between mineral fertilizer and EM that could lead to improved fruiting in 
tomato. Treatments with combined applications of EM and chemical fertilizer had a 
significantly higher number of fruited plants compared to treatments with combined 
applications of compost and chemical fertilizer, compost alone or control. The higher 
number of fruited plants associated with combined applications of EM was possibly due 
to the production of plant growth regulators by microorganisms associated with the EM 
amendment, as suggested by Arshad & Frankenberger (1992). Following application of 
EM into the soil, there is an increase in soil microbial biomass which increases the rate of 
symbiotic biological nitrogen fixation through increases in Azotobacter bacteria (Hussain 
et al., 1994). Further, it is speculated that following application of EM, there is an 
increase in the rate of photosynthesis in plants through increased utilization efficiency of 
solar energy from the actual utilization of less than 3 % to between 10-20 % (Lenghari, 
undated). Similar results were obtained by Xu, Wang & Mridha (2000) where application 
of EM increased fruit yield and plant growth of a tomato crop.  
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3.5.1.2 Effects on tomato fruit yield  
 
 
 
Although application of EM had a positive effect on fruiting of tomato plants, its 
application alone or in combination with compost or fertilizer appeared to have had a 
negative effect on tomato fruit yield. The apparent depressive effects of EM on tomato 
fruit yield could have been a result of the severe blight infestation on the tomato crop 
which started in the EM-treated plots before rapidly spreading to the other treatments. In 
plots treated with EM, only EM - FPE, EM - 5 and EM - 3 in 1 were used to try to control 
diseases and pests. The EM residues (molasses rich in C and N) on the leaves of treated 
plants could have served as a good substrate for microorganisms, some of them 
pathogenic, like those causing tomato blight.  
 
Early and late blights are caused by Alternaria solani and Phytophthora infestans, 
respectively, which either absorb their food from the surrounding water or soil, or may 
invade the body of another organism to feed (De Graaf &  Hamann, 2001).  The 
application of EM was totally ineffective in controlling the blights. It is possible that in 
other instances where EM has been found to have positive effects on tomato, the weather 
may not have been favorable for blight attack. In the Eastern Cape, where this experiment 
was carried out, the weather is at times very conducive to the development of blight and 
the results clearly indicate that EM may not be effective in controlling it. Nicholson 
(personal communications, 2006) is of the opinion that with tomatoes in the Eastern Cape 
coast and midlands, EM alone will not prevent outbreaks of late blight when weather 
conditions are favorable for its development. 
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Early blight development is favored by warm temperatures and high humidity conditions, 
but can occur in drier situations where heavy dews occur. Early blight disease is 
widespread in most areas where potatoes or tomatoes are grown. Late blight development 
is favored by high humidity and fairly low temperatures. At the beginning of the season, 
plants might develop quite satisfactorily for a time and only one or two lesions might be 
noticed. Under favorable conditions spores are formed on these primary lesions and bring 
about infections over a large area (Mercure, 1998). In South Africa, early blight is found 
in all provinces and is a limiting factor in production in late summer (Van der Waals, 
Undated) and poses a constant threat to production in coastal regions and the midlands 
(Denner, undated). 
 
These results suggest that one could use EM initially to stimulate better flowering and 
fruiting but that if conditions are conducive to the development of fungal diseases, such 
as early and late blight, then registered fungicides should be utilized following the initial 
use of EM.   
Although application of EM had a negative effect on tomato fruit yield, its application 
had a positive effect on leaf N and soil N content at harvest time. Both single and 
combined applications of EM and amendments increased soil N above initial levels as 
well as over the control (Tables 3.1 and 3.4). These results could be attributed to the 
effect of EM stimulating mineralization of organic matter, with subsequent release of 
more nutrients into the soil-plant system (Higa & Kinjo, 1991; Daly & Stewart, 1999). It 
is further suggested that nitrogen did not limit tomato yield and that the observed 
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negative effect of EM on field grown tomato yield was, as noted earlier, due to the blight 
attack which EM was ineffective in controlling. 
 
3.5.2 Effects of the integrated use of EM, compost and mineral fertilizer on greenhouse-
grown tomato 
 
Results of the greenhouse tomato experiment set up as a follow-up to the field study 
revealed trends similar to those observed in the field study. The application of sole EM or 
in combination with compost or mineral fertilizer had a negative effect on leaf dry matter 
yield, number of leaves, number of fruit trusses and tomato fruit yield.  In the field study, 
the negative effect of EM application on tomato growth and yield was attributed to its 
inability to control early and late blights that affected the crop during the growing season. 
The greenhouse tomato crop was, however, not affected by early or Iate blight so disease 
infestation could not be the cause for the observed negative effect of EM on tomato 
growth in the greenhouse. It is possible that the inoculated effective microorganisms 
proliferated very fast in the soil, thriving on the native and added nutrients in the soil and 
resulted in their temporary immobilization. Therefore, it is speculated that introduction of 
EM microbes into the soils could have set in short-term competition between the 
microbes and the plants for nutrients such as nitrogen in the limited pot soil volumes 
whose net effect was reduced plant growth.  This was not observed in the field possibly 
because plants were exploiting an unlimited soil volume. The suspected nutrient 
immobilization could also have been exacerbated by the introduction of carbon through 
molasses while applying EM to the soil. This could have stimulated indigenous microbial 
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biomass pool activities in soil (Daly & Stewart, 1999), causing N and P immobilization 
and reduced plant growth (Bååth et al., 1978; Ritz & Griffiths, 1987). This speculation is 
supported by the low N uptake observed in plots treated with EM (Table 3.6).  
 
The combined application of EM with compost, as recommended by EM promoters, is 
scientifically sound, as the compost is expected to serve as a source of labile C and 
nutrients for proliferation of the microorganisms. However, results obtained from this 
study showed a negative effect of combined application of EM + compost. This 
observation could possibly be due to N immobilization by the soil microbial biomass 
pools as the total N content of the compost material was below the critical level of 11.5 g 
kg-1 suggested by Bartholomew (1965). Addition of organic materials with a total N 
content less than 11.5 g kg-1 can initiate N immobilization in the soil (Bartholomew, 
1965). The suspected nutrient immobilization can also be explained in terms of C: N ratio 
and C: P ratio of the compost material. The optimum C: N ratio for speedy decomposition 
of organic material and subsequent N mineralization is reported to be less than 30 (Brady 
& Weil, 1999). In terms of C: P ratio, Rustad & Cronan (1988) suggested that the critical 
C: P ratio of organic materials above which nutrient immobilization can occur ranges 
between 350 and 480. The C: N ratio of the compost material used was 96.7. This value 
was far above the optimum level suggesting that addition of compost could have caused 
N immobilization, reducing plant-available N. However, the C: P ratio of the compost 
material was within the suggested range, ruling out the possibility of P immobilization. 
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3.5.3 Effects of the integrated use of EM, compost and mineral fertilizer on field - grown 
butternut  
 
The results for the butternut field trial were affected by uneven plant stands owing to 
poor seed germination and hailstorm damage to those that germinated. Nevertheless, they 
also revealed a consistent negative effect of EM application alone or in combination with 
compost or fertilizer on total fruit yield, marketable yield and yield termed as first grade 
(Table 3.7). The observed depressive effects of EM on fruit yield of butternut could be 
attributed to the inability of the EM to control pumpkin fly that attacked small developing 
fruits, often leading to their lack of further development. Fruits that managed to develop 
had ugly scars that reduced their market value and were graded as unmarketable (Plate 
3.4). The depressive effects of EM could not be linked to N immobilization as the 
application of EM had a positive effect on soil N (Table 3.8).   
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Plate 3.4 Unmarketable butternuts with pronounced pumpkin fly damage and cracks 
 
 
3.6 Conclusions  
 
 
The results of this initial study were inconclusive with respect to the effectiveness of EM 
on crop growth. Results of the tomato field experiment suggested that EM application 
could potentially increase the yields of tomato as it significantly increased the proportion 
of fruited plants in the field though this did not translate into positive yield increases 
presumably due to the inability of EM to control early and late blight. However, the 
addition of EM also depressed the yield of greenhouse tomato which was attributed to 
possible initial nutrient immobilization as blight infestation did not occur in the 
glasshouse. These mixed findings suggest the need for a more systematic study to provide 
a better understanding of the mechanisms by which EM influences plant growth.  
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The use of compost in the greenhouse tomato experiment and in the butternut field 
experiment did not have the desired effect as the compost may have induced N 
immobilization in soil due to its wide C: N ratio. The resultant N immobilization reduced 
the yield of both the tomato and butternut crop. The effect of organic material on EM 
effectiveness was, therefore, explored further in a separate study (Chapter 4) in which 
goat manure with a narrow C: N ratio was used.  
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CHAPTER 4 
EFFECTS OF CO-APPLICATION OF GOAT MANURE, COMPOST AND 
MINERAL FERTILIZER WITH EFFECTIVE MICRO-ORGANISMS (EM) ON 
YIELD OF SWISS CHARD AND ON SELECTED SOIL PROPERTIES 
4.1 Abstract 
 
A greenhouse experiment was conducted to assess the effects of EM on single and 
combined applications of mineral fertilizer, compost and goat manure on Swiss chard 
(Beta vulgaris) growth and on selected soil properties. The crop was harvested after eight 
weeks and allowed to re-grow for another eight weeks to determine the residual effects of 
amendments, after which soil samples were collected for analysis. Treatments included: 
control, EM, reference fertilizer, reference fertilizer + EM, compost, compost + EM, 1/2 
reference fertilizer + compost, 1/2 reference fertilizer + compost + EM, goat manure, 
goat manure + EM, 1/2 reference fertilizer + goat manure, 1/2 reference fertilizer + goat 
manure + EM. The yield obtained from the first harvest was higher than the yield 
obtained from the second harvest, except for the goat manure treatments as a result of 
initial N removal in the soil (first harvest). Improvement in yield was observed for the 
second harvest where goat manure had been applied and this was ascribed to improved 
nutrient availability due to the extended incubation of goat manure in soil. The 
application of EM alone had a positive but non significant effect on the yields of both the 
first and second harvests of Swiss chard.  However, when applied with compost or goat 
manure, a non significant negative effect on yield was observed. When applied with 
inorganic fertilizer, EM had no effect on yield but tended to increase the uptake of 
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nitrogen by Swiss chard. Though goat manure had a narrower C: N ratio than compost, it 
did not result in greater EM effectiveness as had been hoped. However, goat manure had 
a more positive effect on soil properties than compost and resulted in higher yields than 
compost. It increased the N, P, and K contents of the soil and resulted in a narrower C: N 
ratio of the soil compared to compost.  The application of fertilizer alone more than 
doubled the yields but, more significantly, yields were not compromised when half the 
recommended fertilizer was applied with either goat manure or compost.  
 
Key words: Compost, EM, goat manure, mineral fertilizer, Swiss chard (Beta vulgaris) 
 
 
4.2 Introduction 
 
Addition of effective microorganisms (EM) to agricultural soils as amendments, 
especially for disease control and maintenance of healthy resilient soils, has been 
reported by a number of scholars (Higa & Parr, 1994; Daly & Stewart, 1999). EM refers 
to a microbial culture of a naturally occurring assortment of beneficial microorganisms 
such as photosynthetic bacteria, lactic acid bacteria, yeast, actinomycetes and fermenting 
fungi (Higa & Parr, 1994; Daly & Stewart, 1999) that coexist together. Effective 
microorganisms are applied as an inoculant to increase the microbial biomass diversity of 
soils through rapid proliferation of its constituents (Asia-Pacific Natural Network, 1995). 
The concept of EM and its practical application was developed by Professor Teruo Higa, 
a horticulturalist at the University of Ryukyus in Okinawa, Japan (Higa, 1994).  
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EM is widely reported to improve crop quality, growth and yield through effective 
mineralization of soil organic matter (Piyadasa et al., 1995). In general, EM is applied 
with a carbon and energy source “molasses” for the micro-organisms (Daly & Stewart, 
1999). Integrated use of EM with organic amendments is believed to be an effective 
technique for enhancing nutrient release and supply from the sources. The mechanism of 
EM activities for rapid nutrient release from organic amendment involves rapid 
proliferation of its “effective and beneficial” microorganism content within the soil 
system.  
 
Some studies have shown that inoculation of soils with EM can improve soil and crop 
quality (Higa & Parr, 1994; Hussain et al., 1999). Research and field testing of EM has 
been conducted in the Asia Pacific region (Sangakkara & Higa, 1992; Myint, 1994; 
Sangakkara, 1994) and in New Zealand (Daly & Stewart, 1999) where its application to 
onions, peas and sweet corn increased yields by 29%, 31% and 23%, respectively. Xu et 
al. (2000) reported that inoculation of bokash and chicken manure with EM increased 
photosynthesis and fruit yield of tomato plants. Khaliq, Abbas & Hussain (2006) reported 
that integrated use of compost with EM resulted in a 44% increase in seed cotton over the 
control treatment. Similarly, Valarini et al. (2002) reported that application of EM with 
50 t ha-1 of animal manure and 30 t ha-1 of a combination of various green crop residues 
and weeds separately, increased the production of polysaccharides and alkaline 
phosphatase and esterase enzymes.  
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Whilst EM have often shown to be effective in improving plant and soil quality, an 
earlier study conducted at the University of Fort Hare (Chapter 3 of this dissertation) did 
not detect a substantial contribution to crop yield by the recommended application of EM 
in combination with commercial compost.  This was attributed to the low quality C 
constituents in the compost used, which is typical of most matured compost.  Composted 
organic wastes are low in soluble C as most of it is utilized by microorganisms during the 
composting process (Groenestein & van Faassen., 1996). Therefore mature compost such 
as the one used in the earlier study may not be able to effectively support proliferation of 
the decomposer community, including EM.  
 
The objective of this study was to evaluate single and integrated application of EM with 
fresh and composted organic sources of nutrients on the yield of Swiss chard grown in an 
Oakleaf soil in pots. The hypothesis tested was that EM has a greater effect on yield of 
Swiss chard when applied with fresh organic manures than when applied with compost. 
 
 
4.3 Materials and methods 
 
4.3.1 Soil characteristics 
 
The soil used was collected from the A horizon of an Oakleaf form (Oa) soil belonging to 
the Jozini series (Soil Working Group, 1991) at the University of Fort Hare Research 
Farm. According to the world soil map compiled by FAO-UNESCO (1988), the soils are 
Eutric fluvisols (Fle). The soil had a low concentration of total nitrogen, available 
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phosphorus and organic C, but had high levels of micronutrients and exchangeable K, 
and a pH of 6.1 (Table 4.1). 
 
4.3.2 Goat manure and compost 
 
The goat manure used was collected from the University of Fort Hare Farm and an 
equivalent of 30 t ha-1 (which supplied 657, 30, 135 kg ha-1 of N, P, and K, respectively) 
was applied.   Selected characteristics of the goat manure are shown in Table 4.1.  
 
Nature’s Super Grow compost was used for the greenhouse Swiss chard experiment and 
an equivalent of 30 t ha-1 (which supplied 60, 15 and 12 kg ha-1 of N, P, and K, 
respectively) was applied. Selected properties of Nature’s Super Grow are described in 
section 3.3.3 of this dissertation and Table 4.1 shows some of its characteristics. Both 
goat manure and the compost materials were analyzed for nutrient concentrations after 
the experiments were conducted as described in section 4.3.5 of this dissertation. 
 
4.3.3 Treatments and experimental design 
 
The experiment was a randomized complete block design (RCBD) with four replicates. 
Treatments were : control, EM alone (EM), recommended fertilizer (RF) (N 150: P 90 kg 
ha-1), recommended fertilizer + EM (RF + EM), compost alone (Comp), compost + EM 
(Comp + EM), 1/2 recommended fertilizer + compost (1/2 RF + Comp), 1/2  
recommended fertilizer + compost + EM (1/2 RF + Comp + EM), goat manure alone 
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(GM), goat manure  + EM (GM + EM), 1/2  recommended fertilizer + goat manure (1/2 
RF + GM) and 1/2  recommended fertilizer + goat manure + EM (1/2 RF + GM + EM).  
 
Table 4.1   Selected properties of the experimental soil (upper 0-30 cm depth), goat 
manure and compost. 
 
Characteristics Soil Goat 
manure 
Nature’s Super 
Grow compost 
pH(1:2.5 soil: water)     6.1     8.0    4.33 
EC (µScm-1) 90.0     2.2    2.37 
Total N (g kg-1)   0.6   21.9    2.0 
Available P (g kg-1)   0.4 - - 
Total P (g kg-1) -     1.0    0.5 
Exchangeable K (g kg-1)    
Total K (g kg-1)   5.0     4.5    0.4 
Organic C (g kg-1)   6 - - 
Total C (g kg-1)   9.4 426.3 193.3 
C:N 16.5   19.5   96.65 
C:P - 426.3 386.6 
 
 
The EM products used in this study were obtained from EMROSA (Pty) Ltd and included 
multiplied - EM, EM - F.P.E, EM 3-in-1 and EM -5. The multiplied - EM was applied as 
a soil drench and the rest as foliar applied pesticide mixtures. All four brands of EM were 
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used in EM - treated plots. Multiplied - EM applied as a soil drench was dissolved in 
water in a ratio of 1: 300 and applied to raise the soil moisture to approximately field 
capacity seven days before seedlings were transplanted. During the course of the 
experiment, multiplied - EM solution, in a ratio of 1 : 500, was applied to respective EM - 
treated pots to maintain the soil moisture at approximately field capacity. Mixtures of EM 
- FPE, EM 3-in-1 and EM - 5 diluted with water in a ratio of 1 : 800 were sprayed once to 
control aphids in EM - treated pots, eight weeks after transplanting.  
 
4.3.4 Agronomic practices 
 
Swiss chard seeds (cv Lucullus) for raising seedlings to be planted in EM – treated pots 
were soaked in 0.1 % multiplied - EM for 30 minutes. The other seeds were soaked for 
30 minutes in distilled water only prior to sowing in Hygromix seedling mix (marketed 
by Hygrotech, South Africa) in cavity trays in the greenhouse. After four weeks, the 
seedlings were transplanted into pre - irrigated pots. Two plants were transplanted in each 
30 cm pot, containing 15 kg of soil. After eight weeks of growth, the crop was harvested. 
It was then allowed to re-grow for another eight weeks before the final harvest. Swiss 
chard was chosen as a test crop as it is one of the main vegetables consumed in the Eastern 
Cape region and has relatively few diseases and pests.  It also allows more than one 
harvest of the leaves. 
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4.3.5 Soil and leaf analysis 
 
Soil and leaf samples were taken at harvest to assess the treatment effects on soil and 
plant nutrient content. Leaf sampling was done by taking the youngest mature leaves 
from the top of the plant (Jones et al., 1971). The leaf dry matter was determined after 
oven drying to constant mass at 65 0 C. The samples were ground in a hammer mill to 
pass through a 1 mm mesh sieve. The ground samples were digested with sulphuric acid, 
selenium powder and salicylic acid mixture for the determination of total P and K 
(Okalebo, Gathua & Woomer, 2002). Phosphorus was read on a colorimeter following 
colour development by the molybdenum blue method (Okalebo et al., 2002). Potassium 
in digested samples was determined by flame photometry. Total nitrogen was determined 
using a LECO TruSpec C/N auto analyzer (LECO Corporation, 2003).  
 
Soil samples taken after harvest were air dried for 2 weeks and then ground to pass 
through a 2 mm mesh sieve. Soil pH and electrical conductivity (EC) were determined in 
water extracts as described by Okalebo et al. (2002). Samples were shaken in distilled 
water in a ratio of 1: 2.5 on a reciprocal shaker for 10 minutes and left standing for 30 
minutes, then shaken again for 2 minutes after which pH was read using a WTW pH 526 
meter, while EC was read on a WTW 330i conductivity meter. Total-N and C were 
determined using a LECO TruSpec C/N auto analyzer (LECO Corporation, 2003) and 
extractable P and K were determined following the Ambic - 2 extraction method (Non-
Affiliated Soil Analysis Work Committee, 1990). 
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4.3.6 Data analysis 
 
The data obtained were subjected to analysis of variance (ANOVA) using the SAS 
statistical package while means were separated using least significance differences (LSD) 
at the 0.05 level of significance.  
 
4.4 Results 
 
 
4.4.1 Effects of EM, goat manure, compost and mineral fertilizer on yield of Swiss chard 
 
Application of amendments influenced yield of Swiss chard during the first and second 
harvests (Table 4.2, Plate 4.1 and Plate 4.2). In general, yield obtained during the second 
harvest was lower than yield obtained for the first harvest, possibly due to declining soil 
nutrient content as a result of nutrient removal by the initial growth. The application of 
EM, compost, goat manure alone or in combination, did not significantly increase yield 
over the control for the first harvest. However, applying sole EM improved yield by 7.3 
% and 11.4 % for the first and second harvests, respectively, relative to the control 
treatment and an increase of 8.85% in total yield was observed.  
 
An improvement in yield, relative to the control treatment (Table 4.2), was observed for 
the second harvest where goat manure with or without EM was applied. A 132.5 % 
increase in yield for the second harvest was observed with goat manure application 
relative to the control treatment. It is noteworthy that yield obtained from the control and 
treatments other than goat manure declined for the second harvest (Table 4.2). The 
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application of compost had no effect on yield but its combined application with EM 
depressed the yield of the first harvest, second harvest and total yield by 7.9 %, 8.7 % and  
8.2 %, respectively, relative to the compost treatment.  
 
The application of the reference fertilizer caused a significant increase in yield for both 
the first and second harvests (Table 4.2). The application of EM with the reference 
fertilizer had no significant effect on yield relative to the reference fertilizer treatment.  
 
The application of half the reference fertilizer with compost and EM resulted in a yield 
that was equivalent to that obtained with the application of the reference fertilizer. 
Applying half the reference fertilizer with compost and EM improved yield of the first 
and second harvests by 11.9 % and 14.3 %, respectively, relative to half the reference 
fertilizer with compost treatment, with an overall of 8.3 % increase in the total yield. The 
combination of half the reference fertilizer with goat manure resulted in a yield that was 
not statistically different from that obtained with the reference fertilizer during the first 
and second harvests. Addition of half the reference fertilizer with goat manure and EM 
had no effect on yield relative to the half reference fertilizer with goat manure treatment. 
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Table 4.2 Effects of integrated use of organic and inorganic sources of nutrients with 
effective microorganisms (EM) on Swiss chard dry matter yield (DMY). 
 
Treatments First 
harvest 
 Second 
harvest 
 Total yield 
DMY  
(g pot-1)         
DMY  
(g pot-1)          
DMY  
(g pot-1)          
Control 14.3b    7.7e  22.0d 
EM  15.4b    8.6e  24.0d 
RF  30.0a  14.6bc  44.6a 
RF + EM  30.2a  13.1cd  43.3a 
Comp 15.2b    8.5e  23.6d 
Comp + EM 14.0b    7.8e  21.7d 
1/2RF + Comp 27.2a    8.7e  35.9b 
1/2RF + Comp + EM 30.4a    9.9e  40.3ab 
GM 11.1b  17.9ab  29.0c 
GM + EM 10.2b  18.8a  29.0c 
1/2RF + GM 27.5a  15.6abc  43.1a 
1/2RF + GM + EM 29.0a  12.2cd  41.2a 
C.V (%)  18.9  19.7  10.1 
EM; effective microorganisms, RF; reference fertilizer, RF+EM; reference fertilizer + EM, Comp; compost alone, Comp + 
EM; Compt + effective microorganisms, 1/2RF + Comp; half reference fertilizer + compost , 1/2RF + Comp + EM; half 
reference fertilizer  + compost + effective microorganisms, GM; goat manure alone , GM + EM; goat manure + effective 
microorganisms, 1/2RF + GM; half reference fertilizer + goat manure, 1/2RF + GM + EM; goat manure + half reference 
fertilizer + effective microorganisms 
**Means in each column followed by the same letter are not significantly different from each other at P ≤ 0.05 according to 
the LSD test
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A                                                B    
   
 
C                                               D 
   
 
 E                                           F 
Plate 4.1 Swiss chard plants growing in the greenhouse: A =  Control and EM,  B =  ½ Reference Fertilizer 
+ GM + EM, GM + EM and Comp + EM, C =  GM, GM+ EM, Reference Fertilizer and Reference 
Fertilizer + EM, D =  ½ Reference Fertilizer + Comp, ½ Reference Fertilizer + GM, Reference 
Fertilizer and Control, E =  ½ Reference  Fertilizer + GM, GM, Reference Fertilizer and Control, 
F =  Control, EM, Reference Fertilizer and Reference Fertilizer + EM 
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A                                             B 
      
C                                               D 
 
Plate 4.2 Swiss chard plants growing in the greenhouse: A = Control, EM, ½ Reference  
               Fertilizer + Comp and Comp, B = Control, EM, ½ Reference Fertilizer + Comp, 
               ½ Reference Fertilizer + Comp + EM, C =  Control, EM, GM and Comp,  D =    
                GM, GM + EM, Comp, Comp + EM  
 
4.4.2 Effects of EM, goat manure, compost and mineral fertilizer on leaf nutrient content 
 
There were significant (P≤ 0.05) treatment effects on leaf N content for both harvests 
(Table 4.3). Leaf N content ranged from 1.34 g kg-1 to 3.79 g kg-1 for the first harvest and 
ranged from 1.12 to 1.73 g kg-1 for the second cropping. Leaf N content of the second 
harvest was lower than leaf N content of the first harvest possibly due to declining soil N 
content as a result of N removal by the initial leaf growth (first harvest). Application of 
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EM, compost and goat manure and their combination did not significantly affect the leaf 
N content of the first harvest although leaf N content in these treatments was lower than 
that of the control treatment. The application of reference fertilizer significantly increased 
leaf N content of both the first and the second harvests over the control. Addition of EM 
with the reference fertilizer resulted in a 25.5 % and 26.3 % increase in leaf N content of 
the first and second harvests relative to the reference fertilizer treatment. The highest leaf 
N concentration was observed with the application of the reference fertilizer with EM for 
both the first and second harvests. A non-significant positive trend was observed with 
EM application across treatments, except with the compost treatment. 
 
The application of half the reference fertilizer with compost resulted in a significant 18 % 
increase in leaf N content relative to the control for the first harvest. A non-significant 
increase of 3.3 % in leaf N content was observed with the application of EM with half the 
reference fertilizer relative to half the reference fertilizer with compost. For the second 
harvest, application of half the reference fertilizer with compost resulted in leaf N content 
that was lower than that of the control treatment although this was not significantly 
different. Addition of half the reference fertilizer with goat manure resulted in leaf N 
content that was lower than that of the control for both harvests, with addition of EM 
making no significant increase. 
 
A similar trend was observed with leaf N uptake with the highest leaf N uptake being 
observed with reference fertilizer with EM treatment for both harvests. Due to the close 
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relationship between N and protein, a similar trend was observed with crude protein for 
both harvests.  
 
Leaf P content of the first harvest ranged from 0.06 g kg-1 to 0.14 g kg-1 and from 0.10 g 
kg-1 to 0.25 g kg-1 for the second harvest. Leaf P content increased remarkably with the 
second harvest, changing from a depressed state in the first harvest to a state where 
significant increases in leaf P were observed. The application of different amendments 
had no effect on leaf P content in the first harvest but in the second harvest where goat 
manure was applied, leaf P was significantly (P≤ 0.05) higher than the leaf P content of 
the control treatment (Table 4.3). The application of half the reference fertilizer with 
compost and half the reference fertilizer with compost and EM had leaf P content 
equivalent to that of the control treatment and all the other treatments resulted in leaf P 
content lower than that of the control for the second harvest. Application of goat manure 
without or with EM resulted in leaf P content that was significantly lower than that of the 
control. Both single and combined applications of EM and amendments had no effect on 
leaf K content of both harvests.    
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Table 4.3 Effects of integrated use of organic and inorganic sources of nutrients with effective microorganisms (EM) on leaf N 
content, N uptake, crude protein, P, and K by Swiss chard plants.  
Treatments First harvest 
 
 Second harvest 
    N 
(g kg1) 
N uptake 
(mg pot-1) 
Crude  
protein  
(g kg-1) 
    P 
(g kg-1) 
    K 
(g kg-1) 
    N 
(g kg-1) 
N uptake 
(mg pot-1) 
Crude 
protein 
(g kg-1) 
    P 
(g kg-1) 
   K 
(g kg-1) 
Control   2.34bc   477.8ecd   0.59bc           0.07bc   1.24ab      1.46bac 150.06ba     0.15bc         0.25a   0.89ab 
EM    1.34c        200.0e   0.33c           0.09abc   1.15ab    1.52ba 223.35a   0.08c         0.22ab   0.80b 
RF    3.02ab       876.7ba   0.75ba           0.06c   1.05b          1.37bdc 140.92ba     0.19ba         0.17bc   0.84ab 
RF+ EM   3.79a      1120.2a   0.95a           0.06c   1.04b          1.73a 177.83ba     0.24a         0.21ab   0.90ab 
Comp   1.59c        238.9ed   0.40c           0.08abc   1.15ab         1.26bdc 132.14ba   0.10c         0.24a   0.90ab 
Comp + EM   1.39c        192.5e   0.35c           0.07bc   1.31ab    1.29bdc 152.36ba   0.09c         0.22ab   1.04ab 
1/2RF+ Com   2.76ab       757.0bc      0.69ba           0.06c   1.31ab        1.30bdc 203.14ba   0.17ba         0.25a   0.79b 
1/2RF+Com +EM   2.85ab       728.4bc   0.71ba           0.13ab   1.21ab    1.39bdc 171.67ba   0.18ba         0.25a   0.77b 
GM   1.63c        180.8e     0.41c           0.10abc   1.25ab    1.12d   157.34ba   0.10c         0.10d   1.11a 
GM+EM   1.99bc       199.8e   0.50bc           0.14a   1.27ab    1.33bdc 120.18b         0.12bc         0.11cd   0.91ab 
1/2RF+GM   1.67c        482.3ecd         0.42c           0.07bc   1.21ab    1.26bdc 158.46ba   0.10c         0.19ab   1.03ab      
1/2RF+GM +EM   1.95bc         560.8bcd     0.49bc           0.06c   1.39a          1.23dc 131.27ba   0.12bc         0.21ab   0.91ab      
CV (%) 32.64           47.92       32.64       47.53 18.09        14.21         38.64       32.64       23.02 22.10       
 
EM; effective microorganisms, RF; reference fertilizer, RF+EM; reference fertilizer + EM, Comp; compost alone, Comp + EM; Compt + effective microorganisms, 1/2RF + Comp; half 
reference fertilizer + compost , 1/2RF + Comp + EM; half reference fertilizer  + compost + effective microorganisms, GM; goat manure alone , GM + EM; goat manure + effective 
microorganisms, 1/2RF + GM; half reference fertilizer + goat manure, 1/2RF + GM + EM; goat manure + half reference fertilizer + effective microorganisms 
**Means in each column followed by the same letter are not significantly different from each other at P≤  0.05 according to the LSD test. 
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4.4.3 Effects of EM, goat manure, compost and mineral fertilizer on selected soil 
properties 
    
Post-cropping soil pH was significantly (P≤ 0.05) affected by different soil amendments 
(Table 4.4). The application of the reference fertilizer significantly depressed post 
cropping pH which declined to levels that were moderately acidic (Table 4.4), with the 
addition of EM resulting in a non-significant slight decrease. A similar trend was 
observed with the application of half reference fertilizer with compost and half reference 
fertilizer with compost and EM. The application of EM and sole compost or in 
combination resulted in post-cropping pH values which were comparable to the control 
treatment. By contrast, the application of sole goat manure or with half the reference 
fertilizer, without or with EM, significantly increased post-cropping soil pH relative to 
the control treatment. The highest post-cropping pH was observed with sole application 
of goat manure.  
 
Addition of sole EM and sole compost resulted in EC values similar to that of the control. 
The highest EC value was observed where the reference fertilizer was applied. A similar 
pattern was observed with application of sole goat manure or in combination with half the 
reference fertilizer, with or without EM.  
 
There were significant (P≤ 0.05) treatment effects on residual soil N concentration (Table 
4.4) although the values did not differ much from the initial concentration (Table 4.1). 
Soil N levels associated with the reference fertilizer, half the reference fertilizer with 
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compost and EM, goat manure, goat manure with EM, half the reference fertilizer with 
goat manure and half the reference fertilizer with goat manure and EM, were significantly 
higher than that of the control treatment suggesting that the plants did not exhaust N from 
these added amendments (Table 4.4). The increase in N observed in the above-mentioned 
treatments could be attributed to nutrients being slowly released through mineralization 
from these organic materials. A similar trend was observed with soil C and the greatest 
amounts of soil N and C were observed in soils treated with goat manure and EM 
together. The C: N ratio of the soil decreased with application of different amendments 
but was not statistically different from that of the control. The C: N ratio provides 
information on the capacity of the soil to store and recycle nutrients (Goyal et al., 1999). 
The observed decrease in soil C: N ratio, indicated a build - up of the N pool in the soil.    
 
Application of different amendments decreased extractable soil P to below initial levels. 
Soil P levels associated with sole EM, compost, and their combination,  were similar to 
that of the control and the leaf P concentration of these amendments was lower or 
equivalent to that of the control. The highest extractable P was observed with the 
application of reference fertilizer suggesting that the crop had not exhausted the soil P 
from the fertilizer applied.  
 
Soil residual K in plots treated with goat manure, goat manure with EM and half the 
reference fertilizer with goat manure, and EM, were significantly higher than that of the 
control treatment.  The highest soil residual K was observed where goat manure was 
applied with EM, although the manure used had a relatively low concentration of K 
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(Table 1). According to Bornman et al. (1989), kraal manure has, on average, about 2% 
K, which is far higher than the 0.5 % contained in the goat manure used. General residual 
soil K in all the amendments exceeded the critical level of 80-120 mg kg-1 suggested by 
Bornman et al. (1989).  Results from this study are consistent with what was reported by 
Laker (1976), that most South African soils are not deficient in K.   
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Table 4.4 The effects of integrated use of organic and inorganic sources of nutrients with effective microorganisms (EM) on selected 
soil properties after harvest of Swiss chard. 
Treatment Soil 
        pH  
(1:2.5 soil:water)   
    EC  
(µs cm-1) 
     N  
(g kg-1) 
Total C 
(g kg-1) 
  C:N     P  
(g kg-1) 
    K 
 (g kg-1) 
Control     5.7c    9.7c    0.5e         7.4c       13.2abc   0.4g   2.6d 
EM      5.7c    10.6c     0.6cde         7.7c       14.8a   0.4g   3.3dc 
RF      5.2e 48.6a    0.8ab         7.8c       14.8a   1.1a   2.8d 
RF+EM      5.1e  44.4a      0.6cde         8.1bc      12.7abc   1.0ab   2.0d 
Comp     5.5cd  10.1c    0.6cde   8.3bc      13.6abc   0.4g   3.1d 
Comp+EM     5.5dc  10.1c   0.5e         7.7c       14.1ab   0.4g   3.0d 
1/2RF+Comp     5.2e  28.7b   0.7bcde        8.6bc      11.8bc   0.8dc   2.8d 
1/2RF+Comp +EM     5.3de 27.3b    0.8ab       10.2a       11.4c   0.7de   2.0d 
GM     6.5a 32.2b   0.8ab       10.3a       12.1bc   0.6ef   5.2abc 
GM+EM     6.2b  22.8b     0.9a       10.4a       11.4c   0.5gf   6.3a 
1/2RF+GM     6.1b  31.1b     0.7bcde        9.4ab      14.2ba   0.8dc   3.9bcd 
1/2RF+GM +EM     6.0b  45.1a    0.8ab       10.0a       13.4abc   0.9bc   5.5ab 
CV (%)     3.4 29.3  16.77       11.46      13.2       15.3 40.9 
 
EM; effective microorganisms, RF; reference fertilizer, RF+EM; reference fertilizer + EM, Comp; compost alone, Comp + EM; Compt + effective microorganisms, 1/2RF + Comp; half 
reference fertilizer + compost , 1/2RF + Comp + EM; half reference fertilizer  + compost + effective microorganisms, GM; goat manure alone , GM + EM; goat manure + effective 
microorganisms, 1/2RF + GM; half reference fertilizer + goat manure, 1/2RF + GM + EM; goat manure + half reference fertilizer + effective microorganisms 
**Means in each column followed by the same letter are not significantly different from each other at P ≤ 0.05 according to the LSD test
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4.5 Discussion 
 
4.5.1 Effects of EM, goat manure, compost and mineral fertilizer on yield of Swiss chard 
 
Results obtained in this study show that yield declined during the second cropping and 
this could be attributed to a decline in nutrient content as a result of removal by the first 
crop.  The removal of nutrient by the first crop is confirmed by higher levels of leaf N 
content and subsequent N uptake by the first crop compared to the second crop. In terms 
of P, leaf P content increased during the second cropping and this ruled out the possibility 
of P limiting plant growth during the second cropping. 
 
The results obtained indicate that the application of EM, compost and goat manure and 
their combination did not cause a significant increase in yield of the first crop. However, 
during the second cropping, yield in the goat manure treatment with or without EM 
increased significantly over the control treatment. The positive effects of incorporating 
goat manure with or without EM observed during the second cropping suggests that soil 
production was better maintained under goat manure treatment possibly as a result of 
nutrients being slowly released over a period of time as suggested by Cooke (1972). This 
is because nutrients contained in manure are primarily organic and must be mineralized 
before they can be used by plants. These results are in agreement with those of Tanner 
and Mugwira (1984) in which application of manures to soil resulted in an increase in 
nutrient uptake by the second crop rather than the immediate crop. The implication of 
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these results is that farmers should take measures to ensure that nutrients in organic 
material become available before plants begin their rapid development. 
 
The apparent depressive effects on yield associated with compost application were also 
observed with the greenhouse-grown tomato and field-grown butternut experiments. This 
observation could be ascribed to N immobilization by the soil microorganisms as 
described in Chapter 3, section 3.9.1.2 of this dissertation. The differences in the C: N 
ratio of compost and goat manure explains their contrasting results. The highest yield was 
attained in pots treated with the reference fertilizer during the first cropping possibly due 
to the immediate release of nutrients from the added reference fertilizer. However, a 
decline in yield was observed during the second cropping as a result of nutrient removal 
from the soil by the first crop.  
 
Although application of sole EM did not cause a significant increase in yield, a positive 
trend was observed relative to the control treatment. The increase in yield resulting from 
EM application could have been a result of mineralization of nutrients. It is speculated 
that following application of EM to soil, the effective microorganisms proliferate rapidly 
enhancing the degradation and chemical breakdown of OM and stimulate mineralization 
(Higa & Kinjo, 1991; Hussain et al., 1999). Nutrients are then released into the soil-plant 
system (Daly & Stewart, 1999). However, the positive effects of EM in this case were not 
pronounced possibly because plants were exploiting a limited soil volume. A positive 
trend was also observed with the application of EM singularly or across treatments on 
leaf N, content meaning that EM can contribute meaningfully to crop nutrition. 
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Application of half the reference fertilizer with either compost or goat manure resulted in 
yield that was not statistically different to that obtained with the reference fertilizer. 
These results suggest that it is possible to substitute half the recommended fertilizer with 
goat manure because of greater nutrient supply to the soil.  
 
4.5.2 Effects of EM, goat manure, compost and mineral fertilizer on selected soil 
properties 
 
The incorporation of goat manure into the soil increased post-cropping soil pH whilst the 
application of the reference fertilizer decreased post-cropping soil pH. These results 
indicate that goat manure has a liming effect whereas the mineral fertilizer had acidifying 
effects. The liming effects of goat manure can be of great value in areas like the Eastern 
Cape region, South Africa, parts of which have critically low soil pH (Mandiringana et 
al., 2005). Similar results were obtained by Mhlontlo et al. (2007), where the application 
of sheep kraal manure at rates greater than 2.5 t ha-1 resulted in higher pH values 
compared to the control and mineral fertilizer treatments.  
 
The application of compost and goat manure and their combination with EM resulted in 
an increase in soil N suggesting that the plants did not exhaust N from these amendments. 
The increase in N observed could possibly be due to the slow release of nutrients through 
mineralization from these organic materials. The application of goat manure with EM 
resulted in the highest soil N and C contents. This suggested that EM increased the 
mineralization of goat manure applied to soil.  
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4.6 Conclusions 
 
The results of this study indicated that, as with the other crops investigated and reported 
on earlier, EM application had inconsistent effects on Swiss chard yields. The use of goat 
manure which had a narrower C: N ratio than the compost used in the earlier studies did 
not result in improved EM effectiveness indicating that the observed ineffectiveness of 
EM was not related to the quality of the organic material used.  
 
The results of this study, however, demonstrated the benefits of combined application of 
organic amendments with half the recommended fertilizer over the separate full 
application of inorganic fertilizer or organic amendment. If adopted, this approach may 
reduce the variable cost for farmers with a supply of organic amendments as they will 
purchase only the half of the recommended fertilizer.   
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CHAPTER 5 
 
GENERAL DISCUSSION AND CONCLUSIONS 
 
The use of various brands of EM have been found to improve growth and quality of crops 
(Daly & Stewart, 1999) through the rapid proliferation of their constituent more 
beneficial microorganisms and subsequent suppression of soil-borne pathogenic 
organisms, reducing the incidence of pests and diseases. They also have the ability to 
effectively mineralize soil organic matter and consequently improve nutrient availability 
(Piyadasa et al., 1995), which is the mechanism through which EM could benefit soil 
health and crop growth. The beneficial effects of EM for improving crop production 
through the promotion of germination, flowering, fruiting and ripening in plants (Asia-
Pacific Natural Agriculture Network, 1995) have been widely reported (Sangakkara, 
undated). However, some trials have not shown consistent beneficial effects of EM on 
yield (Rukhsana, Arshad, & Nusrat, 1999), suggesting that the results are not 
reproducible.  
 
Our studies, which were aimed at establishing the usefulness of this product, consisted of 
four trials involving three popular crops in South Africa, namely tomato, butternut and 
Swiss chard. The studies encompassed the evaluation of the effects of EM on the growth 
and yield of tomato and butternut in an Oakleaf soil in the Eastern Cape; and the effect of 
single and integrated application of EM with inorganic and organic sources of nutrients in 
an Oakleaf soil on Swiss chard (Beta vulgaris) yield. Chapter 5 discusses the findings of 
these studies and explores research gaps and aspects that need further research.  
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As described in Chapter 3, the application of EM initially caused a significant increase in 
the number of fruited tomato plants with the greatest number of fruited plants being 
observed in the EM + reference fertilizer treatment. The increase in the number of fruited 
tomato plants in the field could have been as a result of production of plant growth 
regulators by microorganisms associated with the EM amendment. These results are 
consistent with what was reported by the Asia-Pacific Natural Agriculture Network 
(1995), that the application of EM to soils promotes fruiting in plants.  
 
However, the application of EM alone or in combination with compost was ineffective in 
increasing fruit yield of tomato. The apparent depressive effects of EM observed could 
have been a result of the severe blight infestation on the tomato crop.  Evidence of this 
phenomenon was provided by measurements of unmarketable yield which comprised 
mostly of fruits affected by blight. It is, therefore, concluded that EM is an ineffective 
amendment on its own for tomato production in areas that experience blight.  
 
Although EM depressed tomato yield it improved plant N content of field-grown tomato 
compared to single application of the amendments. The greatest effect of EM on plant N 
content was attained with the application of EM alone. It is speculated that after the 
application of EM into soil, the microorganisms present proliferate rapidly, and stimulate 
organic matter mineralization followed by subsequent release of more nutrients into the 
soil-plant system. The apparent increase in leaf N associated with the application of EM 
observed is in agreement with results obtained by Khaliq et al. (2006). These results 
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indicated that the observed depressive effects of EM on tomato yield were not due to N 
immobilization but due to blight infestation as stated earlier.  
 
The demonstration that the application of EM can increase tomato leaf N content under 
field conditions suggests the possibility of beneficially integrating EM to increase 
productivity under resource poor farming where, or when blight is not prevalent and 
thereby contributing to improved plant nutrition. The scenario above discussed is 
expected to result in substantial benefits to resource poor farmers where inputs are 
limiting. 
 
After observing the failure of EM to control both early and late blight under prevailing 
conditions, the experiment in Chapter 3, Section 3.5 of this dissertation was designed as a 
follow up and was conducted under a controlled environment. The experimental design 
and the soil used were as for the tomato grown under field conditions. The experiment 
was conducted to specifically explore the effect of EM on tomato yield and leaf nutrient 
uptake.  
 
Results obtained in this study did not show yield benefits accruing from the application of 
EM alone or in combination with fertilizers. In actual fact, a negative trend was observed 
with EM application on leaf dry matter, number of leaves, number of trusses, fruit yield 
and number of fruit formed. The negative effects of EM could have been due to soil N 
immobilization that led to reduced crop growth and yield. This assertion is supported by 
the results on N uptake which was low in plots treated with EM. Further, our experiment 
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clearly showed that the application of EM in combination with chemical fertilizer 
resulted in a significant increase in the uptake of N. The results suggested that EM may 
not lead to optimum nutrient uptake under nutrient-limiting conditions, implying that the 
use of EM in areas with low fertility may result in low yield due to N immobilization. 
The effects of EM on nutrient supply in treated soil were further illustrated by low 
concentrations of nutrients in the soil after harvesting of tomato plants. 
 
The subdued impact of the application of compost with a wide C: N ratio is reflected by 
the low yields obtained. It is widely acknowledged that the application of organic 
amendments with a wide C: N ratio to soils induces initial N immobilization.  The 
significant depressive effects of compost on yield observed consistently in these two 
experiments and on subsequent studies (Chapter 4 of this dissertation) are similar to what 
was observed by Soumare et al. (2002). However, our findings from this experiment also 
show that the application of compost with the reference fertilizer and EM improved leaf 
N content and N uptake.  
 
In the case of the butternut trial, the application of EM and its subsequent combination 
had a consistent depressive effect on total fruit yield, marketable yield and yield termed 
as first grade. The observed depressive effects of EM on fruit yield of butternut are 
described in Chapter 3, section 3.9.3 of this dissertation.  
 
Evidence obtained in the greenhouse-grown tomato and field-grown butternut 
consistently showed the negative effects of EM on the yield of these crops when applied 
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with compost. We, therefore, investigated in Chapter 4, whether combined application of 
EM with goat manure which had a narrower C: N ratio could increase yield and enhance 
soil quality comparable to combined applications of EM with compost. In this case, 
Swiss chard was used as a test crop. Results presented in this chapter clearly show that 
yield obtained during the first cropping was higher than yield obtained during the second 
cropping except for the goat manure treatment with or without EM. The improvement in 
yield observed with incorporation of goat manure during the second cropping was 
attributed to improved nutrient availability due to the extended incubation of goat manure 
in soil. The application of EM alone had a positive but non-significant effect on the yields 
of both the first and second harvests of Swiss chard.  However, when EM was applied 
with compost or goat manure, a non-significant negative effect on yield was observed. 
When applied with inorganic fertilizer, EM had no effect on yield but tended to increase 
the uptake of nitrogen by Swiss chard. Though goat manure had a narrower C: N ratio 
than compost, it did not result in greater EM effectiveness as had been hoped. However, 
goat manure had a more positive effect on soil properties than compost and resulted in 
higher yields than compost. It increased the N, P, and K contents of the soil and resulted 
in a narrower C: N ratio of the soil compared to compost.   
 
The application of reference fertilizer resulted in a significant increase in yield during the 
first cropping which declined during the second cropping. The significant increase in 
yield observed during the first cropping could have been due to the immediate 
availability of nutrients from the added reference fertilizer. It is widely acknowledged 
that nutrients in mineral fertilizers are readily available for plant uptake but their 
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sustainability is low. The application of fertilizer alone more than doubled the yields in 
both the first and second harvests but, more significantly, yields were not compromised 
when half the recommended fertilizer was applied with either goat manure or compost. 
The application of half the reference fertilizer with compost and EM treatment resulted in 
yield that was equivalent to that obtained with the application of the reference fertilizer.  
A similar trend was observed with the combined application of half the reference 
fertilizer with goat manure. These results as suggested in Chapter 4, section 4.5.1 of this 
dissertation suggest that it is possible to substitute half the recommended fertilizer with 
organic materials because of greater nutrient supply to the soil.  
 
On the basis of these findings, it is reasonable to suggest that the application of goat 
manure maintains soil better, with nutrients being slowly released. In addition, it is well 
established that the application of organic materials like goat manure to soil, improves the 
soil physical structure with microbial biomass and soil enzyme activities responding to 
soil management practices as compared to total soil organic matter (Dick, 1992; Doran et 
al., 1996). A decrease in soil C: N ratio was observed with addition of organic material, 
indicating build-up of the N pool in the soil.  
 
While some researchers (Daly & Stewart, 1999 ; Xu et al., 2000; Khaliq et al., 2006) 
have shown the beneficial effects of EM in increasing crop yield, results from our 
experiments did not show a clear effect, indicating that the effect of EM is inconsistent 
possibly due to factors such as, (i) fluctuating environmental conditions, (ii) variable 
conditions of fermentation as each user has to brew his/her own EM from a stock 
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solution, (iii) differences in practical application of the technology that depends on the 
resources available, (iv) different packaging and storage environment, and (v) a lack of 
practical application technology that can suit areas with different soils and weather 
regimes.  
 
As mentioned earlier on, the use of EM is yet to be widespread in South Africa, although 
some commercial farmers are already using the product and are finding merits in its use. 
A participatory study with interested farmers is recommended to (i) investigate suitable 
local methods for brewing different brands of EM in South Africa for both small scale 
and large scale farmers, (ii) identify ideal conditions for EM storage, (iii) determine 
application rates that are suitable for different crops, and (iv) determine ideal application 
time and frequency of application of EM. In addition to the participatory study, more 
intensive and systematic on-farm trials among the commercial farmers in South Africa 
are required to provide a better understanding of the usefulness of EM in increasing crop 
and soil quality. Also the cost-to-benefit implication of such practice should be 
ascertained.  
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APPENDICES 
 
 
Appendix 1: Number of flowered plants, five weeks after transplanting of tomato in the 
field. 
ANOVA Table 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
5 4629629.62 925925.92 0.35 0.8765 
Treatment 7 12111111.08 1730158.73 0.66 0.7033 
Error 35 91666666.40 2619047.6   
Total 47 108407407.10    
                         
Grand mean =  500 Grand sum =    577 333.30 
CV =               13.46 % LSD (0.05)  =  2187 
 
 
Appendix 2: Number of fruited plants, seven weeks after transplanting of tomato in the 
field. 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
5 1025.19 205.04 0.68 
 
0.64 
Treatment 7 5739.40 819.91 2.72 0.02 
Error 34 10247.82 301.41   
Total 46 17017.12    
 
Grand mean =  138.90 Grand sum =    198 666.70 
CV =                49.11 % LSD (0.05)  =   23.76 
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Appendix 3: Total fruit yield of field grown tomato 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
5 171.05 34.21 0.60 0.70 
Treatment 7 2172.67 310.38 5.42 
 
0.0003 
Error 35 2005.86 57.31   
Total 47 4349.59    
 
 
Grand mean = 0.96 Grand sum = 1217.173 
CV =               29.90 % LSD (0.05)  =10.23 
 
 
Appendix 4: Marketable yield of field grown tomato 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
5 248.99 49.80 2.04 0.0972 
Treatment 7 622.05 88.86 3.64 0.0047 
 
Error 35 855.05 24.43   
Total 47 1726.10    
 
 
Grand mean =  0.46 Grand sum = 563.33 
CV =                42.11 %      LSD (0.05)  =6.68 
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Appendix 5: Unmarketable yield of field grown tomato 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
5 151.7966491 30.3593298 0.79 0.5613 
Treatment 7 514.9142510 73.5591787 1.92 0.0951 
Error 35 1338.115832 38.231881   
Total 47 2004.826732    
                       
                     
Grand mean = 0.50 Grand sum =   668.29 
CV =               44.41 %            LSD (0.05)  =  8.35 
 
 
Appendix 6: Leaf N content of field grown tomato 
 
 
ANOVA Table 
 
                          
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
5 15.88783630 3.17756726 5.31 0.0010 
Treatment 7 11.83063097 1.69009014 2.82 0.0193 
Error 35 20.96071961 0.59887770   
Total 47 48.67918688    
 
 
 
Grand mean = 4.40 Grand sum =   211.30 
CV =               17.18% LSD (0.05)  =  0.907 
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Appendix 7: Leaf P content of field grown tomato 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
5 0.01283044 0.00256609 5.83 0.0005 
Treatment 7 0.00426011 0.00060859 1.38 0.2436 
Error 35 0.01541242 0.00044035   
Total 47 0.03250298    
 
 
 
Grand mean = 0.07 Grand sum = 3.41 
CV =              28.03  %         LSD (0.05)  = 0.0246 
 
 
 
                         
 
Appendix 8: Leaf K content of field grown tomato 
 
 
ANOVA Table 
 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
5 0.68056893 0.13611379 0.48 0.7889 
Treatment 7 1.69417227 0.24202461 0.85 0.5522 
Error 35 9.92991241 0.28371178   
Total 47 12.30465360    
                         
                      
Grand mean = 2.29 Grand sum = 110.13 
CV =              23.22  %         LSD (0.05)  = 0.62 
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Appendix 9: Soil nitrogen after harvest of field grown tomato 
 
 
ANOVA Table 
 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
5 0.13950950 0.02790190 0.94 0.4678 
Treatment 7 1.02701900 0.14671700 4.94 0.0006 
Error 35 1.03971150 0.02970604   
Total 47 2.20624000    
                          
 
Grand mean =  0.83 Grand sum = 39.77 
CV =                20.80 %                 LSD (0.05)  = 0.202 
 
 
  
 
Appendix 10: Soil phosphorus after harvest of field grown tomato 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
5 0.00646903 0.00129381 1.17 0.3434 
Treatment 7 0.07187531 0.01026790 9.29 <.0001 
Error 35 0.03870162 0.00110576   
Total 47 0.11704596    
                      
 
Grand mean = 1.00 Grand sum =48.21 
CV =               33.11               LSD (0.05)  = 0.04 
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Appendix 11: Soil potassium after harvest of field grown tomato 
 
 
ANOVA Table 
 
 
            
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
5 5.39857052 1.07971410 0.53 0.7522 
Treatment 7 27.62592970 3.94656139 1.94 0.0931 
Error 35 71.3415322 2.0383295   
Total 47 104.3660325    
 
 
Grand mean =   4.82 Grand sum = 0.10 
CV =                33.36 LSD (0.05)  = 1.67 
 
 
Appendix 12: Stem dry matter yield of glasshouse grown tomato 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
9 136.2846604 15.1427400 0.36 0.9476 
Treatment 7 142.7659491 20.3951356 0.48 0.8408 
Error 39 1645.885575 42.202194   
Total 55 1936.220484    
 
Grand mean =  23.40 Grand sum =   1123.29 
CV =                27.8 %       LSD (0.05)  =  8.33 
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Appendix 13: Leaf dry matter yield of glasshouse grown tomato 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
9 322.510023 35.834447 1.24 0.2974 
Treatment 7 3074.449143 439.207020 15.25 <.0001 
Error 39 1122.915663 28.792709   
Total 55 4685.542743    
                    
 
Grand mean = 26.81 Grand sum =  1447.89 
CV =               20.01 %       LSD (0.05)  = 6.879 
 
 
Appendix 14: Total dry matter yield of glasshouse grown tomato 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
9 596.579576 66.286620 0.94 0.5056 
Treatment 7 3294.237068 470.605295 6.65 <.0001 
Error 39 2761.759117 70.814336   
Total 55 6759.710998    
 
 
Grand mean =  50.21 Grand sum =   2812.03 
CV =               16.76 %       LSD (0.05)  = 10.79  
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Appendix 15: Total number of leaves produced in glasshouse tomato 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
9 508.644939 56.516104 1.65 0.1221 
Treatment 7 5268.696130 752.670876 21.91 <.0001 
Error 62 2129.543949 34.347483   
Total 78 7867.772152    
                               
 
Grand mean = 26.66 Grand sum =   2132.66 
CV =              21.98 %       LSD (0.05)  =  6.113  
 
 
Appendix 16: Total number of trusses formed in the glasshouse grown tomato 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
9 55.6727851 6.1858650 1.06 0.4012 
Treatment 7 847.0128645 121.0018378 20.83 <.0001 
Error 62 360.227215 5.810116   
Total 78 1274.354430    
 
Grand mean = 11.63 Grand sum =    930.63 
CV =                 20.72 % LSD (0.05)  =  2.514  
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Appendix 17: Total fruit yield of glasshouse grown tomato 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
9 98191.6946 10910.1883 1.40 0.2085 
Treatment 7 700618.4324 100088.3475 12.83 <.0001 
Error 62 483756.828 7802.529   
Total 78 1293213.823    
 
 
Grand mean =   483.06 Grand sum =   38644.84 
CV =                18.29 %       LSD (0.05)  = 92.13 
 
 
Appendix 18: Total number of fruit formed in the glasshouse grown tomato 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
9 49.959156 5.551017 0.72 0.6912 
Treatment 7 2204.543283 314.934755 40.68 <.0001 
Error 62 479.940844 7.740981   
Total 78 2765.341772    
                        
                                        
Grand mean =   13.78 Grand sum =    1102.79 
CV =                20.18 %        LSD (0.05)  = 2.902 
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Appendix 19: Average fruit weight of glasshouse grown tomato 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
9 
 
778.181831 86.464648 0.73 0.6780 
Treatment 7 8067.677960 1152.525423 9.76 <.0001 
Error 62 7323.04437 118.11362   
Total 78 16291.86299    
                         
 
                               
Grand mean =   40.02 Grand sum =    3202.22 
CV =               27.15 %             LSD (0.05)  = 11.34 
 
   
 
 
Appendix 20: Fruit N content of glasshouse grown tomato 
 
 
ANOVA Table 
 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
2 1.31035299 0.65517649 0.48 0.6279 
Treatment 7 10.70867172 1.52981025 1.12 0.4019 
Error 14 19.05977511 1.36141251   
Total 23 31.07879982    
 
                               
         
Grand mean =   1.66 Grand sum =   132.54 
CV =                70.42 %       LSD (0.05)  = 2.0433 
 
 
 
   
 137
Appendix 21: Fruit P content of glasshouse grown tomato 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
2 0.01310353 0.00655176 0.48 0.6279 
Treatment 7 0.10708672 0.01529810 1.12 0.4019 
Error 14 0.19059775 0.01361413   
Total 23 0.31078800    
 
  
 
Grand mean =   0.166 Grand sum =   13.25 
CV =                70.42 %        LSD (0.05)  = 0.2043 
 
   
 
Appendix 22: Fruit K content of glasshouse grown tomato 
 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
2 2.97467401 1.48733700 10.96 0.0014 
Treatment 7 1.99635908 0.28519415 2.10 0.1123 
Error 14 1.90041533 0.13574395   
Total 23 6.87144842    
                             
 
Grand mean =   2.93 Grand sum =   234.78 
CV =                12.55 %       LSD (0.05)  = 0.6452 
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Appendix 23: Leaf N content of glasshouse grown tomato 
 
 
ANOVA Table 
 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
9 2.01087701 0.22343078 2.20 0.0436 
Treatment 7 1.36499915 0.19499988 1.92 0.0930 
Error 39 3.96775328 0.10173726   
Total 55 7.28031470    
 
Grand mean =   1.06 Grand sum =   84.45 
CV =                30.21 %       LSD (0.05)  = 0.4089 
 
   
 
Appendix 24: Leaf P content of glasshouse grown tomato 
 
 
ANOVA Table 
 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
9 0.00983316 0.00109257 1.18 0.3342 
Treatment 7 0.07703525 0.01100504 11.89 <.0001 
Error 39 0.03609347 0.00092547   
Total 55 0.12610957    
 
 
Grand mean =   0.20 Grand sum =    15.63 
CV =                15.57 %       LSD (0.05)  = 0.03900 
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Appendix 25: Leaf K content of glasshouse grown tomato  
 
 
ANOVA Table 
 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
9 0.91353442 0.10150382 0.96 0.4859 
Treatment 7 1.44751913 0.20678845 1.96 0.0862 
Error 39 4.11879694 0.10561018 
 
  
Total 55 6.58441240    
  
Grand mean =   1.73 Grand sum =    138.36 
CV =                18.79 %       LSD (0.05)  = 0.4166 
 
   
 
Appendix 26: Leaf N uptake by the glasshouse grown tomato plants 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
9 3674.921560 408.324618 1.97 0.0697 
Treatment 7 9320.531099 1331.504443 6.43 <.0001 
Error 39 8077.42206 207.11339   
Total 55 21458.81766 
 
 
   
              
             
  Grand mean =    52.27 Grand sum =    4181.52 
   CV =                27.53 % LSD (0.05)  = 18.45 
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Appendix 27: P uptake by the glasshouse grown tomato plants 
 
ANOVA Table 
 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
9 28.26806670    3.14089630     1.13   0.3634 
Treatment 7 78.64499219   11.23499888     4.05   
 
0.0020 
Error 39 108.0622149     2.7708260   
Total 55 234.1711055    
 
              
Grand mean =  9.50 Grand sum =    759.82 
CV =               17.53 %       LSD (0.05)  = 2.134 
 
   
 
Appendix 28: K uptake by the glasshouse grown tomato plants 
 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
9 1353.01011     150.33446      0.38   0.9359 
Treatment 7 12909.88704    1844.26958     4.71   0.0007 
Error 39 15284.62076     391.91335   
Total 55 29679.00075    
                         
                             
Grand mean =   86.03 Grand sum =   6882.53 
CV =                23.01%       LSD (0.05)  = 25.38 
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Appendix 29: Soil N after harvesting of the glasshouse grown tomato 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
9 0.54294206 0.06032690 1.81 0.0848 
Treatment 7 0.05779816 0.00825688 0.25 0.9711 
Error 61 2.03425374 0.03334842   
Total 77 2.62770111    
 
 
Grand mean =   0.35 Grand sum =   28.07 
CV =                52.04 %       LSD (0.05)  = 0.1918 
 
   
 
Appendix 30: Soil P after harvesting of the glasshouse grown tomato 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
9 0.00236456 0.00026273 0.49 0.8762 
Treatment 7 0.09577269 0.01368181 25.49 <.0001 
Error 61 0.03274830 0.00053686   
Total 77 0.13165844    
  
 
Grand mean =  0.13 Grand sum =   10.00 
CV =               18.53 %       LSD (0.05)  = 0.02434 
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Appendix 31:  Soil K after harvesting of the glasshouse grown tomato 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
9 4.25203545 0.47244838 5.59 <.0001 
Treatment 7 5.99197020 0.85599574 10.13 <.0001 
Error 61 5.15525197 0.08451233   
Total 77 15.39388668    
 
 
Grand mean =  1.92  Grand sum =   153.90 
CV =               15.11 %       LSD (0.05)  = 0.3054 
 
   
 
Appendix 32: Total fruit yield of field grown butternut 
 
 
ANOVA Table 
 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 378.223889 126.074630 1.81 0.1759 
Treatment 7 1461.159444 208.737063 3.00 0.0239 
Error 21 1461.211667 69.581508   
Total 31 3300.595000    
 
 
Grand mean =  25.70  Grand sum =   796.57  
CV =               32.46 %       LSD (0.05)  = 22.3000000        
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Appendix 33: Marketable yield of field grown butternut 
 
 
ANOVA Table 
 
 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 353.264445 117.754815 1.85 0.1697 
Treatment 7 1717.891111 245.413016 3.85 0.0076 
Error 21 1339.028889 63.763280 
 
  
Total 31 3410.184445    
 
 
Grand mean =   21.7 Grand sum =   672.7  
CV =                37.04 %       LSD (0.05)  = 16.4000000        
 
   
 
 
Appendix 34: First grade yield of field grown butternut 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 316.121666 105.373889 1.64 0.2100 
Treatment 7 1236.608333 176.658333 2.75 0.0340 
Error 21 1347.918333 64.186587   
Total 31 2900.648333    
 
 
Grand mean =  14.63 Grand sum =    453.50 
CV =               53.4 %      LSD (0.05)  = 11.3333333        
 
 
   
 
 144
Appendix 35: Leaf N content of field grown butternut 
 
 
 
ANOVA Table 
 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 0.66942869 0.22314290 7.37 0.0016 
Treatment 7 0.12132383 0.01733198 0.57 0.7699 
Error 20 0.60576804 0.03028840   
Total      
 
 
Grand mean =  1.59 Grand sum =   49.17 
CV =                10.97 %      LSD (0.05)  = 0.262 
   
 
 
Appendix 36: Leaf P content of field grown butternut 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 
 
0.00348213 0.00116071 2.90 0.0601 
Treatment 7 0.00254052 0.00036293 0.91 0.5199 
Error 20 0.00799233 0.00039962   
Total 30 0.01393498    
 
 
Grand mean =  0.15 Grand sum =   4.67 
CV =               13.28 % LSD (0.05)  = 0.0301  
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Appendix 37: Leaf K content of field grown butternut  
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 
 
1.27152972 0.42384324 6.37 0.0033 
Treatment 7 0.62574275 0.08939182 1.34 0.2816 
Error 20 1.32975139 0.06648757   
Total 30 3.19391766    
 
 
Grand mean =  1.90 Grand sum  =   59.07 
CV =               13.53%       LSD (0.05)  = 0.39 
 
   
 
 
Appendix 38: Soil N content after harvest of the butternut crop  
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 0.09132021 0.03044007 3.21 0.0449 
Treatment 7 
 
0.07140819 0.01020117 1.08 0.4137 
Error 20 0.18948388 0.00947419   
Total 30 0.35301942    
 
 
Grand mean =   0.32 Grand sum =    9.85 
CV =                30.63 %      LSD (0.05)  =   0.15 
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Appendix 39: Soil P content after harvest of the butternut crop 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 0.00374581 0.00124860 5.42 0.0068 
Treatment 7 0.00634207 0.00090601 3.93 0.0075 
Error 20 
 
 
0.00461114 0.00023056   
Total 30 0.01447279    
 
Grand mean =   0.07 Grand sum =   2.23 
CV =                21.09 LSD (0.05)  = 0.02  
 
 
 
 
Appendix 40: Soil K content after harvest of the butternut crop 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 2.75158984 0.91719661 2.85 0.0633 
Treatment 7 2.63442877 0.37634697 1.17 0.3631 
Error 20 6.43808742 0.32190437   
Total 30 
 
 
11.43432756    
 
Grand mean =  3.81 Grand sum =   118.05 
CV =               14.89913       LSD (0.05)  = 0.8541 
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Appendix 41: Dry matter yield of Swiss chard first crop 
 
 
ANOVA Table 
 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 15.806225 5.268742 0.33 0.8038 
Treatment 11 3078.550425 279.868220 17.52 <.0001 
Error 33 
 
 
527.265675 15.977748   
Total 47 
 
3621.622325    
 
 
Grand mean =  21.20 Grand sum =  10.17.54 
CV =               18.8 % LSD (0.05)  =  3.32 
 
   
 
Appendix 42: Dry matter yield of Swiss chard second crop 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 10.7055729 3.5685243 0.64 0.5934 
Treatment 11 708.7735229 64.4339566 11.59 <.0001 
Error 33 
 
 
183.4117021 5.5579304   
Total 47 902.8907979    
 
 
Grand mean =   11.93 Grand sum =    573.05 
CV =                19.75 %       LSD (0.05)  = 1.96 
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Appendix 43: Total dry matter of Swiss chard crop  
 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3        
 
15.171323        5.057108        0.45     0.7176 
Treatment 11      
 
3675.021823      334.092893      29.86     <.0001 
Error 33       
 
 
369.171402       11.187012   
Total 47      4059.364548    
 
 
Grand mean =  33.14 Grand sum =  1590.59 
CV =               10.09 %        LSD (0.05)  =  2.78 
 
 
 
Appendix 44: Swiss chard N content after harvest for the first crop 
 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 
 
0.19417494      0.06472498       1.75     0.1788 
Treatment 11 
 
1.09810690      0.09982790       2.69     0.0154 
Error 30       1.11221903      0.03707397   
Total 44       2.39671819    
  
             
Grand mean =  2.15  Grand sum = 103.22 
CV =                 32.64 %              LSD (0.05)  = 0.29 
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Appendix 45: Leaf N uptake by Swiss chard first crop 
 
 
ANOVA Table 
 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 6626.685 2208.895 0.04 0.9888 
Treatment 11 4185006.765 380455.160 7.03 <.0001 
Error 30 
 
 
1623889.962 54129.665 
  
Total 44 5826589.632    
    
           
Grand mean =    485.51 Grand sum =  23304.45 
CV =                   47.92 %             LSD (0.05)  = 354.16  
 
 
   
 
  
 
Appendix 46: Swiss chard N content after harvest for the second crop 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 
 
0.19417494 0.06472498 1.75 0.1788 
Treatment 11 
 
1.09810690 0.09982790 2.69 0.0154 
Error 30 1.11221903 0.03707397   
Total 44 2.39671819    
   
 
            
Grand mean =  1.35 Grand sum =  65.02 
CV =                 14.21399              LSD (0.05)  = 0.2931 
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Appendix 47: Leaf N uptake by Swiss chard second crop 
 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 
 
5090.42718 1696.80906 0.45 0.7172 
Treatment 11 38799.39530 3527.21775 0.94 0.5166 
Error 30 112415.6013 3747.1867   
Total 44 155439.5530    
   
 
            
Grand mean =   158.41 Grand sum =  7603.62 
CV =                  38.64 %              LSD (0.05)  = 93.182  
 
 
   
 
Appendix 48: leaf P content after harvest for the first crop 
 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 
 
0.00119621 0.00039874 0.25 0.8598 
Treatment 11 
 
0.03052753 0.00277523 1.75 0.1054 
Error 33 0.05236581 0.00158684   
Total 47 0.08408955    
   
            
Grand mean = 0.08 Grand sum =  4.02 
CV =                47.54 %            LSD (0.05)  = 0.0573 
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Appendix 49: Swiss chard P content of the second crop   
 
 
ANOVA Table 
 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 0.00766110 0.00255370 1.20 0.3263 
Treatment 11 
 
0.11909663 0.01082697 5.07 0.0001 
Error 33 0.07044250 0.00213462   
Total      
   
            
Grand mean =       0.20    Grand sum =  9.63 
CV =                      23.03 %             LSD (0.05)  = 0.0665 
 
 
 
Appendix 50: Swiss chard K content of the first crop   
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3       0.35657354      0.11885785       2.46     0.0804 
Treatment 11       0.48262800      0.04387527       0.91     0.5447 
Error 33       1.59696765      0.04839296   
Total 47       2.43616919    
     
          
Grand mean = 1.22  Grand sum =  58.36 
CV =                18.09 %            LSD (0.05)  = 0.3165 
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Appendix 51: Swiss chard K content of the second crop   
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 0.78789722 0.26263241 6.55 0.0013 
Treatment 11 0.48654826 0.04423166 1.10 0.3893 
Error 33 
 
1.32313629 0.04009504 
  
Total 47 2.59758178    
  
             
Grand mean =  0.91 Grand sum =  43.50 
CV =                 22.10 %             LSD (0.05)  = 0.2881 
   
 
 
Appendix 52: Swiss chard crude protein content of the first crop 
 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 0.01409847 0.00469949 0.15 0.9272 
Treatment 11 
 
 
1.52946035 0.13904185 4.52 0.0005 
Error 30 0.92384991 0.03079500   
Total 44 2.46475975    
   
           
Grand mean =   0.54 Grand sum =  25.80 
CV =                  32.64266              LSD (0.05)  = 0.2671  
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Appendix 53: Swiss chard crude protein content of the second crop 
 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 0.00088115 0.00029372 0.15 0.9272 
Treatment 11 
 
0.09559127 0.00869012 4. 0.000552 
Error 30 
 
 
0.05774062 0.00192469 
  
Total 44 
 
 
0.15404748 
   
   
            
Grand mean =  0.13 Grand sum =  6.45 
CV =                 32.64266            LSD (0.05)  = 0.0668  
 
   
 
Appendix 54: Soil N content after harvest of Swiss chard crop 
 
 
ANOVA Table 
 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3       0.00162657      0.00054219       4.00     0.0155 
Treatment 11       0.00681258      0.00061933       4.57     0.0003 
Error 33       0.00447046      0.00013547   
Total 47       0.01290961    
   
          
   
Grand mean = 0.07 Grand sum =  3.33 
CV =                 16.77 %            LSD (0.05)  =   0.02  
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Appendix 55: Soil P content after harvest of Swiss chard crop 
 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3       0.00054643      0.00018214       1.73     0.1794 
Treatment 11       0.02733500      0.00248500      23.63     <.0001 
Error 33       0.00346966      0.00010514   
Total 47       0.03135108    
      
         
Grand mean = 0.07 Grand sum =  3.21 
CV =                 15.33 %            LSD (0.05)  =  0.01  
 
 
Appendix 56: Soil K content after harvest of Swiss chard crop 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 
 
0.01600108 0.00533369 0.26 0.8559 
Treatment 11 0.88771185 0.08070108 3.89 0.0012 
Error 33 0.68526346 0.02076556   
Total 47 1.58897639    
    
           
Grand mean =    0.35 Grand sum =  16.90 
CV =                   40.92237             LSD (0.05)  = 0.2073 
 
 
 
 
 
 
 
 155
Appendix 57: Soil C content after harvest of Swiss chard crop 
 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3       0.02316350      0.00772117       0.75     0.5294 
Treatment 11       0.62960717      0.05723702       5.57     <.0001 
Error 33       0.33909600      0.01027564   
Total 47       0.99186667    
              
Grand mean =  0.88  Grand sum =  42.45 
CV =                 11.46 %            LSD (0.05)  = 0.0842 
 
 
   
 
 
Appendix 58: C: N of the soil after harvest of Swiss chard crop 
 
 
ANOVA Table 
 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 60.06784050 20.02261350 6.63 0.0013 
Treatment 11 
 
67.52616392 6.13874217 2.03 0.0572 
Error 33 99.7305345 3.0221374   
Total 47 227.3245390    
              
 
Grand mean =  13.12 Grand sum =  629.96 
CV =                  13.25 %             LSD (0.05)  = 2.5009  
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Appendix 59: Soil pH after harvest of Swiss chard crop 
 
 
ANOVA Table 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 
 
0.08910833 0.02970278 0.79 0.5072 
Treatment 11 
 
8.25137500 0.75012500 19.99 <.0001 
Error 33 1.23804167 0.03751641   
Total 47 9.57852500    
    
           
Grand mean =    5.67 Grand sum =  272.1 
CV =                   3.41 %            LSD (0.05)  = 0.2786  
 
   
 
Appendix 60: Soil Ec after harvest of Swiss chard crop 
 
 
ANOVA Table 
 
 
 
Source Degree of 
freedom 
Sum of 
square 
Mean of 
square 
F value Probability 
Replication 
 
3 255.854850 85.284950 1.39 0.2625 
Treatment  
11 
 
9190.145600 835.467782 13.64 <.0001 
Error 33 2021.75585 61.26533   
Total 47 11467.75630    
      
         
Grand mean =  26.71 Grand sum =  1281.96 
CV =                 29.30719            LSD (0.05)  =  11.26  
 
   
 
 
